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Objectives

•Be familiar with the use of ultrasound for the 
assessment of fluid deficiency and fluid 
responsiveness in children with evolving critical 
illness.

•Understand the use of POCUS methods that show 
promise for accurately predicting fluid responsiveness 
in children.



 

POCUS: Game-changer at the bedside



 

• A	systematic	review	of	predictors	of	fluid	responsiveness	in	children
• 501	boluses	in	438	patients
• Investigated	24	variables
• Defined	fluid	responsiveness	by	quantifying	stroke	volume,	cardiac	output,	
and	arterial	blood	pressure



 

Respiratory	variation	in	aortic	blood	 flow	peak	velocity	was	the	only	variable	shown	to	predict	fluid	 responsiveness	
in	children	across	multiple	 studies



 

• 56	children	with	septic	shock	were	randomized	to	ultrasound	guided	or	
clinically	guided	fluid	boluses

Outcome Ultrasound-Guided	Group Clinically-Guided	Group

Cumulative	Fluid	Balance	>10% 25% 62%
Median	(IQR)	Cumulative	Fluid	Balance	Percentage 6.5	(3.3-10.3) 11.3	(5.4-17.5)

Median	(IQR)	Fluid	Bolus	Volume	 (mL/kg)	 40	(30-50) 50	(40-80)



 

Case 1: Johnny Nopee
• 12-year-old male with influenza in septic shock

•Resuscitated with 2 liters of isotonic fluids

•Remains tachycardic and mildly hypotensive (HR=120, BP=90/60)

•SpO2=94% on 2 L NC

•Lactate=2.2 mmol/L

•Should you give more fluid???



 

The Physiology of a Fluid Challenge
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Is	this	Johnny’s	curve?
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The Physiology of a Fluid Challenge
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Will Johnny be fluid responsive??

•Static measures:
•Do not account for physiologic interactions
•Can determine volume status, not fluid 

responsiveness

•Dynamic measures:
•Use or induce a change in preload and see 
if it changes stroke volume



 

A Static Measure :
The Inferior Vena Cava to Aorta Ratio

•Correlates with fluid status with a cutoff of < 
0.8 

•Has been mainly studied in relation to fluid 
status, but not fluid responsiveness

• Its correlation with dehydration has not been 
reproducible over multiple studies

•Not useful in patients < 5 years of age



 

The Inferior Vena Cava to Aorta Ratio

Jauregui et al. Crit Ultrasound Journal 2014



 

The Inferior Vena Cava to Aorta Ratio

Hypervolemic: >1.4 Hypovolemic: <0.8



 

Some studies have examined IVC/Aorta as a dynamic measure…

• 58	Critically	ill	children	1	month	to	18	years	with	shock	(52.6%	receiving	
mechanical	ventilation)
• Measurements	of	IVC	to	Aorta	Ratio	and	stroke	volume	before	and	after	a	
fluid	challenge	(10	mL/kg	of	Lactated	Ringer’s)
• Measured	stroke	volume	using	an	ultrasound	cardiac	output	monitor	
(USCOM):	fluid	responder=increase	in	stroke	volume	>10%

2021



 

Hemodynamic Characteristics before fluid administration 
between fluid responsive and nonfluid responsive subjects

Kusumastutiet al. J Emerg Trauma Shock 2021

Sensitivity and specificity of the IVC/Ao before the fluid challenge



 

Back	to	Johnny	Nopee:	14	year	old	male	with	influenza	
with	septic	shock

• Flattened	or	elliptical-shaped	transverse	IVC,	IVC:Ao <0.8



 

Case 2: Dayna Reesus
• 2-year-old female intubated with rhinovirus, 

metapneumovirus and Streptococcus pneumoniae

• Received 20 mL/kg of isotonic fluids in the 
emergency room

• She has had no urine output in the last 8 hours

• Remains tachycardic and hypotensive (HR=190, 
BP=70/42)

•On low ventilator settings

• Lactate=1.8 mmol/L

• Should you give more fluid??



 

A	Dynamic	Measure:	
Respiratory	Variation	of	the	IVC	Diameter	During	PPV
• IVC	diameter	depends	on	the	pressure	gradient	between	the	abdominal	IVC	
and	right	atrium
• What	happens	in	a	patient	with	preload	recruitable	cardiac	output??	

Inspiration Expiration

IVC	drainage	to	the	right	heart	is	reduced IVC	drainage	to	the	right	heart	is	increased

IVC	Diameter	Increases IVC	Diameter	Decreases
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Respiratory Variation of the IVC Diameter

Kaptein MJ, Kaptein EM ACKD 2021



 

IVC in Our Patient Dayna

Jauregui et al. Crit Ultrasound Journal 2014
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IVC Indices in Pediatrics

Collapsibility	 Index	 Distensibility	 Index

Patient	Cohort Spontaneously	 Breathing Mechanically	Ventilated

Formula

[(maximum	diameter	on	
expiration-minimum	 diameter	

on	inspiration)/maximum	
diameter	on	expiration]	*100

[(maximum	diameter	on	
inspiration-minimum	 diameter	

on	expiration)/minimum	
diameter	on	expiration]	*100

Threshold	for	Fluid	
Responsiveness >30% >18%



Motion-Mode
IVC Distensiblity Index~80% IVC Distensiblity Index <15%



 

Real World Notes
•The performance of 

respiratory variation of the 
IVC is mixed in children

•△IVC decreases with PPV in 
children

•Changes in M-mode of the 
IVC during mechanical 
ventilation in a 5-month-old 
infant:

Lee et al. KJA 2019



Another	Dynamic	Measure:	Respiratory	
Variation	in	Aortic	Flow	Peak	Velocity	

• Mechanical	ventilation	transiently	increases	intrathoracic	pressure	during	inspiration
• This	results	in	a	phasic	drop	in	venous	return	to	the	RA	over	the	respiratory	cycle
• There	is	a	corresponding	cyclical	drop	in	stroke	volume	3-5	heart	beats	after	a	
mechanical	breath

Lee et al. KJA 2019



Another	Dynamic	Measure:	Respiratory	
Variation	in	Aortic	Flow	Peak	Velocity	
• The	phasic	variation	in	the	stroke	volume	can	be	approximated	by	
measuring	how	the	speed	of	blood	through	the	left	ventricular	outflow	
tract	varies	over	the	respiratory	cycle
• Obtain	an	apical	5-chamber	view:



Respiratory	Variation	in	Aortic	Flow	Peak	
Velocity
• Delta	aortic	velocity	=	[(max	aortic	velocity	-min	aortic	velocity)/mean	
aortic	velocity]	x	100
• Obtain	pulsed	doppler	at	the	level	of	the	aortic	annulus	
• Quantify	before	and	after	a	fluid	challenge:

Lee et al. KJAnesth 2019



• Typically	>15%	is	thought	to	predict	volume	responsiveness	in	
children	

6	studies	in	
163	Children



 

• This	is	the	only	method	
that	has	consistently	
been	shown	to	have	
predictive	ability	in	
pediatrics	

Desgranges et al. Pediatr Anes 2015 

Summary	ROC:	0.9417

Aortic	Flow	Peak	Velocity



 

Respiratory	Variation	in	Aortic	Flow	Peak	Velocity:	
Limitations

Lee et al. KJAnesth 2019

•Must	be	in	sinus	rhythm
•Best	with	passive	ventilation
•Best	with	larger	tidal	volumes	(10-12	mL/kg)
• Increased	abdominal	pressure	can	lead	to	false	positives
• Isolated	right	heart	failure	can	lead	to	false	positives



 

• Provided	the	first	evidence-based	
guidelines	for	the	use	of	POCUS	in	
critically	ill	children
• Help	to	standardize	and	disseminate	
POCUS	training	programs

Singh et al. Crit Care 2020



 

Conclusions

We	need	to	move	beyond	measures	such	as	CVP	and	blood	pressure	to	
determine	if	a	child	is	fluid	deplete	or	fluid	responsive

Respiratory	variation	in	aortic	blood	flow	peak	velocity	has	been	shown	to	an	
accurate	predictor	of	fluid	responsiveness	in	children	receiving	mechanical	
ventilation

None	of	these	tools	should	be	used	alone	for	determining	fluid	status/fluid	
responsiveness	



 

POCUS should be part of our “tool box” for evaluating fluid 
status in children


