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TR — Tricuspid Regurgitation PW - Pulse Doppler

LA — Left Atrium PV — Pulmonary Valve

AO — Aorta PR — Pulmonary Regurgitation

MPA — Main Pulmonary Artery | LV — Left Ventricle

PDA — Patent Ductus Arteriosus | RV — Right Ventricle

CW —Continuous wave Doppler | PA — Pulmonary Artery

LPA — Left Pulmonary Artery VTI — Velocity time Integral

CA — Celiac Artery HsPDA — Hemodynamic significant PDA
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Essential echocardiographic requirements for the assessment of hemodynamic significance
of a PDA - TNE Israel protocol.

I. PDA characteristics of dimension and flow

- diameter (mm and mm/kg).

- flow direction (left-to-right, bidirectional ,right-to left).
- velocity in systole and diastole (m/s) - gradient.

Il. Indices of pulmonary over-circulation

- LVO (ml/kg/min).

- left heart volume loading: LA/ AO, LVEDD (mm), LPA diastolic velocity (m/s).
-left side pressure loading — diastolic dysfunction : Mitral valve E/ A, IVRT (ms).

lll. indices of systemic shunt effect
- Flow direction in one of the following post-ductal arteries : celiac trunk, anterior cerebral
artery.
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ﬁable 1 — Clinical Finding Suggesting HsPDA

between systolic and diastolic), Saturation instability.

bounding pulses, cutis marmorata, delayed capillary refill time.

apneas.

\Chest X ray: Pulmonary congestion, Enlarged heart shadow.

Vital Signs: Tachycardia, tachypnea, Elevated Pulse Pressure (Over 20 mmhg

Physical examination: Respiratory distress, Pulmonary congestion, Heart Murmur,

Clinical aggravation: Respiratory aggravation, High oxygen requirement, Recurrent

~

J

ﬁble 2 - Risk Factors for HsPDA in preterm infan@
Prematurity (ELBW >> VLBW > LBW).

Severe Respiratory Distress Syndrome.

Prolonged ventilation

No prenatal maternal steroids

Sepsis

Necrotizing Enterocolitis

Anemia

Asphyxia

Q/poxemia. /




TABLE 3: Echocardiography parameters of ductal hemodynamic significance
Adapted from:

Application of Neonatologist Performed Echocardiography in the management of a patent ductus arteriosus

David Van Laere 1, Bart Van Overmeire?, Samir Gupta3, Afif El Khuffash?, Marilena Savoia®, Patrick ] McNamara®, Christoph E
Schwarz’” and Willem de Boode® on behalf of the European Neonatologist Performed Echocardiography (NPE) Training Steering
Group*.

Ech Cut off
Parameter Variable Echo view cno Limitation uto
mode Values
Small Moderate Large
Shunt Shunt Shunt
Diameter
mm Ductal 2D <1.5 1.5-2 <2
View Color
PDA Diameter | mm/kg Doppler > 1.4
characteristics flow
of dimension direction left-to-right, bidirectional ,right-to left
and flow velocit: Systole
/) ¥ Ductal PWD or <2 15-2 >15
Vi CWwW
gradient 1ew <2 2-4 >4
Apical 5
LvO (ml/kg/min) | chamb. PWD <200 200-300 >300
view
LA/ AO Parasternal | M <15 | 15-2 >2
long axis mode
Indices of | \vepp | (zscore) | Farasternal | M <2 2-3 >3
pulmonary long axis mode
over- LPA High
circulation diastolic (m/s) parasternal | PWD <0.2 0.2-0.5 >0.5
velocity View
E/A 4chamb. | piyp <1 1 >1
view
4 chamb.
IVRT m.sec. view PWD >40 30-40 <30
. indices of Celiac Diastolic
systemic shunt | trunk flow Subcostal PWD Normal | Absent Reversed
effect
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Patent Ductus Arteriosus - Chronologic follow up

Days After birth

2

4

PDA characteristics of dimension and
flow

Diameter in mm. SAX or
High Parasternal

Diameter /kg

flow direction SAX or
High Parasternal

velocity (m/s) Syst.
Dias.
Gradient

SAX or High Parasternal

Indices of pulmonary over-circulation

LPA diastolic velocity. SAX or High
Parasternal

LASAD. M- mode PLAX

E/A. 4 Chamber

LVO — 5 Chamber

. indices of systemic shunt effect

Celiac trunk Sub-xiphoid

Gestational age

Weight

Birth weight:

Heart Rate

Oxygen %

Ventilation

Systolic Blood Pressure

Diastolic Blood Pressure

Mean Blood Pressure

Hematocrit

Creatinine

Capillary filling Time

Heart murmur

Femoral Pulses

Pharmacologic treatment:
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TABLE 4: Early predictive echocardiographic variables for the development of
a hemodynamic significant PDA
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parameter variable Echo view Cut off value
PDA Diameter in mm/kg High parasternal > 1.4 mm/kg
PDA flow Pattern -doppler High parasternal Pulsatile

LVO Cardiac output 5 chamb . view > 300 mitkg/min

ml/kg/min

Celiac blood flow

flow Pattern -doppler

Subxyphoid

No or reversed
diastolic flow

Interpretation of:

Application of Neonatologist Performed Echocardiography in the management of a patent ductus arteriosus

David Van Laere "1, Bart Van Overmeire?, Samir Gupta3, Afif El Khuffash?, Marilena Savoia®, Patrick J McNamara®, Christoph E
hwarz’ and Willem de Boode® on behalf of the European Neonatologist Performed Echocardiography (NPE) Training Steeg

GroUyes
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Table 5 - Blood Pressure Thresholds at 3rd Percentile According to Post Conceptual

Age.

Post conceptual Age Systolic 3rd Mean 3rd Diastolic 3rd
(Weeks) Centile Centile Centile
24 32 26 15
25 34 26 16
26 36 27 17
27 38 27 17
28 40 28 18
29 42 28 19
30 43 29 20
31 45 30 20
32 46 30 21
33 47 30 22
34 48 31 23
35 49 32 24
36 50 32 25

Adapted from Northern Neonatal Nursing Initiative. Systolic blood pressure in babies of less
than 32 weeks' gestation in the first year of life. Arch Dis Child Fetal Neonatal Ed.
1990;80:38.
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E / A ratio

E-wave, representing the early, passive filling of the left ventricle, that happens late in
diastole. The A-wave representing the active filling, the atrial contraction.

From the 4 chamber view - PW-Doppler sample volume is placed at the tips of the mitral
valve in the left ventricle. It is a preload and afterload dependent parameter.

e In newborns (particularly premature newborns) the E-wave is normally smaller than
the A-wave (E:A ratio < 1) with a “pseudo normalized” E:A ratio (as demonstrated
below) representing increased LV blood flow (e.g. HSPDA or in "Cold Shock”). In
"warm shock”, Hypovolemia or PPHN the E:A ratio should be <1 .

Isovolumetric Ventricular relaxation Time -

From the 5 chamber view - PW-Doppler sample volume is placed between the inflow from
the mitral valve and the aortic outflow.



Aortic & MY closed 9"

prafile

Left Ventricle outflow - Velocity time Integral

The LVOT diameter on a Parasternal Long Axis view is measured - by zooming into the
LVOT on the PLAX view using the zoom tool and freezing the image. The images are scrolled
backward and forward to capture a frame in which the aortic valve leaflets are wide open.
The LVOT diameter is measured adjacent to the points of attachment of the leaflets. The
machine will then calculate the cross sectional area (CSA) of the LVOT.
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Fig.14 Zooming in on the LVOT in the PLAX view
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Fig.15 Measuring the LVOT diameter at attachments of the
aortic leaflets

Next, obtain an apical 5-chamber view of the heart. The A5C view is obtained from the A4C
by slight anterior angulation of the transducer towards the chest wall. The 5th chamber
added is the LVOT. Place the Pulsed Wave Doppler cursor in the LVOT as close to the aortic
valve as possible without including it in the sample volume. Acquire the PWD trace. The
trace may be considered satisfactory if the closing click of the aortic valve is visualized.
However, if the opening click is distinctly seen before the ejection waveform, it means that
the sample volume is too close to the aortic valve and needs to be moved a little away from
the valve before another tracing is obtained.
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Figl6. Placement of the PWD cursor in the LVOT in A5C view



Fig.17 Tracing the PWD waveform obtained in the LVOT

Then choose LVOT VTI from the "calculation” menu and manually trace the PWD waveform.
This is the Velocity Time Integral (VTI) in cm/s. Repeat the VTI measurement thrice to
reduce sampling bias.The stroke volume at the LVOT is then obtained by multiplying the
LVOT VTI with the LVOT CSA. LVOT VTI X LVOT CSA = Stroke volume

Stroke volume X Heart rate = Cardiac output

Cardiac output = Cardiac index
Body surface area

Left Atrial to Aortic root ratio

The increase in effective pulmonary blood flow may be estimated by the left atrial to aortic
ratio. The LA:Ao uses the relatively fixed diameter of the aorta to assess the degree of left
atrial volume loading. This ratio correlates significantly with increased pulmonary flow
attributable to excessive transductal flow; optimal threshold ratio > 1.5 has been is
associated with a significant PDA.

The cursor is placed at the plain of the aortic valve hinges to include the maximal diameter
of the LA. LA:Ao can be measured using this view to obtain an M-mode tracing (yellow line).
The cursor should be perpendicular to the aortic wall at the level of the aortic valve.



Left Pulmonary Artery diastolic flow velocity

The presence of diastolic blood flow in the left pulmonary artery is also a useful indicator
of ductal significance; specifically, a high end diastolic velocity is representative a large
left to right shunt and increased pulmonary perfusion. The end diastolic velocity should be
measured. Color Doppler should be used to identify flow in the left pulmonary artery. PWD
should be placed just beyond the level of bifurcation.

LPA diastolic velocity

Pulmonary Artery Flow (A) Normal flow in the left pulmonary artery.
In the absence of a significant duct there is usually no flow in the
diastolic phase. (B) Turbulent flow with a significant end diastolic

velocity, a sign of a large PDA.



Ductal View - Systolic and Diastolic velocity measurements

The ductus is a dynamic vessel of variable architecture, with an unpredictable response to
treatment. It is not possible to directly quantify the magnitude of transductal flow,
however the impact on the pulmonary and systemic circulations are measurable. Two-
dimensional echocardiography and Doppler methods can be used to perform a
comprehensive evaluation of the significance of the ductal shunt.

From Parasternal Short Axis View. pulse Doppler flow measurement ( systolic and diastolic).

203 m/s
p 16.47 mmHg

1 v 3.13 m/s
p 39.28 mmHg

Ductal Size - Ductal Diameter measurement.

The PDA can be viewed from a suprasternal "ductal view" - from the suprasternal view of
the aortic arch angulate laterally until the branch pulmonary arteries and the PDA are
visible: The DA should be measured at its narrowest point, before its entry into the main

pulmonary artery.

Measurement of the ductal size is not very accurate. It is not recommended to use the
color Doppler, which can exaggerate the size. Measurements must always be performed

using a consistent technique.



Measurement of patent ductus arteriosus (PDA) size on
suprasternal view. MPA, main pulmonary artery; RPA, right
pulmonary artery; LPA, left pulmonary artery.

Ductal Flow Pattern

Non-restrictive Left to Restrictive Left to Right
Right Flow

Bidirectional Flow Right to Left Flow

LV end diastolic dimension - LVEDD

First obtain a parasternal long axis view and place a M-mode cursor is placed through the

septal and posterior LV walls just beyond the tip of the mitral leaflets.

In the resultant M-mode image take measurements of LV internal dimension at end-diastole
(timed on ECG or point of largest LV internal dimension) and at end-systole (ECG timed or

point of smallest LV internal dimension).
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LVEDD

Celiac Artery diastolic Flow Pattern

The effect of ductal steal on systemic perfusion may be quantified using echocardiography.
The use of pulse-wave Doppler to assess flow through the celiac artery can indicate the
impact of a PDA on gut perfusion. Celiac artery blood flow falls in the presence of a PDA
compared to controls despite a rising LVO especially in diastole. The presence of absent or
reversed flow during diastole is an indication of moderate or severe ductal steal.

The pulsed wave Doppler obtained can demonstrate the presence of ductal steal by
assessing the diastolic flow in the vessel. Panel (A) demonstrates normal flow. Panel (B)
demonstrated absent end diastolic flow in moderate PDA steal and Panel (C) demonstrates
revered diastolic flow in severe PDA steal.
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