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tion of  diastolic flow [19,25].  Serwar et al demonstrated a linear 
relationship between the ratio of  retrograde to antegrade aortic 
flow and the size of  the transductal shunt as determined by  radio-
nuclide angiography  [26]. Retrograde diastolic flow may  account 
for greater than 50% of  forward flow in neonates with a large 
HSDA (Table 1). Retrograde diastolic flow in the descending aorta 
also occurs in patients with severe aortic regurgitation or an aor-
topulmonary  window; however, is rarely  seen in premature in-
fants.  The ratio of  the pulsatility  index of  left pulmonary  artery  (Rp) 
to that of  descending aorta (Rs) may also predict ductal signifi-
cance. The pulsatility  index is calculated according to the follow-
ing formula [peak systolic velocity  (SysVmax) - peak diastolic  
velocity  (DiasVmax) /  SysVmax]. A significant negative correlation 
was identified between the Rp/Rs index and the pulsatility  index 
of  the superior mesenteric artery, after controlling for ductal size 
(r=-0.476, p<0.008). The authors concluded that the Rp/Rs index 
is useful as an indicator of ductal steal [27]. 

6. Left Ventricular Output (LVO)  

Cardiac output  is determined by  calculating flow across the left 
ventricular outflow tract.  This involves PW Doppler interrogation of 
the left ventricular outflow tract from a five chamber apical view to 

determine the aortic velocity  time integral (stroke distance) and 
estimating the aortic root diameter from a long-axis view. As the 
magnitude of  the left-to-right transductal shunt increases, stroke 
volume increases both to support systemic blood flow and in re-
sponse to increased left heart end-diastolic dimensions and the 
Frank Starling relationship. The cumulative effect is an increase in 
LVO, which may  be as much as 60%. In a study  by  Walther et al, 
an aortic  velocity  time integral measurement of  greater than 12 
cm has been shown to have comparable specificity  to an LA: Ao 
ratio  > 1.4 in neonates < 32 weeks gestation a HSDA. Infants 
with a symptomatic  PDA had a greater left ventricular stroke vol-
ume (> 2.34 ml/kg Vs < 2.25 ml/kg) and LV output (> 314 ml/kg/
min Vs 190-310 ml/kg/min respectively) when compared to infants 
with a closed duct [28]. These effects are less likely  in extremely 
low birth weight infants due to myocardial immaturity  or in the 
concomitant presence of  left ventricular dysfunction. The typical 
clinical manifestation is refractory  hypotension with lactic acidosis. 
The ductus arteriosus should be re-evaluated when there is resto-
ration of  normal myocardial performance after commencement of 
cardiotropic support.    

7. Left Ventricular Systolic Time Intervals (LVSTI)

Left  ventricular systolic time intervals are a surrogate of  left  ven-
tricular performance and correlate well with other measures of 
myocardial function [29]. Left pre-ejection period (LPEP) is  the 
time from start of  QRS complex on ECG to opening of  the aortic 
valve on a long axis m-mode view. Left ventricular ejection time 
(LVET) is measured either from the same long axis m-mode view 
or from an aortic pulse-wave Doppler trace from the 5-chamber 
view.  The normal value for LPEP in this population is 45 ± 5 milli-
seconds (ms) and for LVET is 177 ± 16 ms. LVSTI is calculated 
as the LPEP/LVET ratio. The potential effects of  a HSDA include a 
reduction in LPEP and an increased in LVET leading to an overall 
decline in LVSTI [30].  Studies of  LVSTI in preterms with a sus-
pected HSDA (Table 2) have shown values  0.27 to be associ-
ated with the least misclassification rate [18]. Other investigators 
have demonstrated an LVSTI  0.3 as strongly  suggestive of  a 
clinically  significant PDA; no infants with a clinically  significant left 
to right ductal shunt had a ratio of  < 0.3 [30]. LVSTI may  be an 
unreliable marker of  HSDA in neonates with impaired myocardial 
performance,  which characteristically  leads to lengthening of 
LPEP and shortening of LVET.
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Figure 4. Pulse-wave Doppler interrogation of the superior        
mesenteric artery demonstrates loss of normal diastolic flow (top 
panel) in the presence of a hemodynamically significant ductus 
arteriosus and restoration of diastolic flow (lower panel) following 
surgical ligation.

Table 2. Echocardiographic Values in Normal Infants and 
Infants with PDA

Normal 
Infants

Infants with 
PDA

p values

Left atrial: Aortic 
ratio

1.13 ± 0.23 1.46 ± 0.36 < 0.001

Left ventricular: 
Aortic ratio

1.86 ± 0.29 2.15 ± 0.39 < 0.001

LVSTI ratio 0.34 ± 0.09 0.26 ± 0.1 < 0.001

%  D 31.2 ± 7.2 33.6 ± 8.7 NS

mVCFc 1.8 ± 0.49 1.85 ± 0.61 NS

LVSTI = left ventricular stroke volume index, mVCFc = mean 
rate corrected velocity of circumferential fiber shortening (index 
of myocardial contractility), % D  = percentage change in left 
ventricular internal dimension
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8. Novel Surrogate Markers

Hajjar and colleagues have proposed the left ventricular output to 
superior vena caval (LVO/SVC) flow ratio as an additional crite-
rion for evaluating the magnitude of  the ductal shunt [31].  They 
demonstrated that the flow of  ductal shunt  is directly  proportional 
to LVO/SVC ratio and may be derived according to the following 
calculation:  transductal flow = 0.37 x total systemic blood flow 
[(LVO/SVC) -2.7]. The LVO/SVC ratio may  be a more reliable 

estimation of  the ductal flow, as it is unaffected by  transatrial flow, 
unlike other markers. Although a precise threshold for this ratio is 
not known, the authors chose a ratio of   4 to define a HSDA and 
concluded that the LA: Ao ratio,  ductal diameter, mean flow veloc-
ity  of  LPA and end diastolic velocity  of  the LPA correlated signifi-
cantly  with the LVO/SVC ratio. Our group has recently  proposed a 
HSDA staging system (Table 3) based on clinical and echocardi-
ography  markers in an attempt to provide an overall appraisal of 
the magnitude of  the impact of  the shunt  [9]. In isolation, these 
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Table 3. Proposed Staging System for Determining the Magnitude of the Haemodynamically Significant Ductus Arteriosus 
(HSDA), which is based on clinical and echocardiography criteria where OI = oxygenation index, NCPAP = nasal continuous positive 
airway pressure, MAP = mean airway pressure, BP = blood pressure, NEC = necrotizing enterocolitis, 2D = two dimensional, DA 
Vmax = ductus arteriosus peak velocity, LA: Ao ratio = left atrium to aortic ratio, E/A = early passive to late atrial contractile phase of 
transmitral filling ratio, IVRT = isovolumic relaxation time. Detailed discussion of the echocardiography parameters is beyond the 
scope of this review article. Reproduced with permission from Archives of Disease in Childhood -Fetal & Neonatal Edition 2007: 
92:F424-F427, McNamara PJ, Sehgal AS: A rationale approach to the hemodynamically significant ductus arteriosus. The need for 
disease staging!   

Clinical Echocardiography

C1 Asymptomatic E1 No evidence of ductal flow on 2D or Doppler interrogation

C2 Mild

• Oxygenation difficulty (OI<6)

• Occasional (< 6) episodes of oxygen desaturation, bradycardia 
or apnoea

• Need for respiratory support (NCPAP) or mechanical ventilation 
(MAP<8)

• Feeding intolerance (> 20% gastric aspirates)

• Radiologic evidence of increased pulmonary vascularity

E2 Small non-significant Ductus Arteriosus

• Transductal diameter < 1.5mm

• Restrictive continuous transductal flow (DA Vmax > 2.0 cm sec-1)

• No signs of left heart volume loading (e.g. mitral regurgitant jet       
> 2.0 cm sec-1or LA:Ao ratio > 1.5:1)

• No signs of left heart pressure loading (e.g. E/A ratio > 1.0 or 
IVRT > 45)

• Normal end-organ (e.g. superior mesenteric, middle cerebral) 
arterial diastolic flow

C3 Moderate

• Oxygenation difficulty (OI 7-14) 

• Frequent (hourly) episodes of oxygen desaturation, bradycardia 
or apnoea

• Increasing ventilation requirements (MAP 9-12)

• Inability to feed due to marked abdominal distension or emesis

• Oliguria with mild elevation in plasma creatinine

• Systemic hypotension (low mean or diastolic BP) requirement a 
single cardiotropic agent

• Radiologic evidence of cardiomegaly or pulmonary edema

• Mild metabolic acidosis (pH 7.1- 7.25 and/or base deficit -7 to 
-12.0)

E3 Moderate HSDA

• Transductal diameter 1.5-3.0 mm

• Unrestrictive pulsatile transductal flow (DA Vmax < 2.0 cm sec-1)

• Mild-moderate left heart volume loading (e.g. LA:Ao ratio 1.5 to 
2:1)

• Mild-moderate left heart pressure loading (e.g. E/A ratio > 1.0 or 
IVRT 36-45)

• Decreased or absent diastolic flow in superior mesenteric, middle 
cerebral or renal arterial 

C4 Severe

• Oxygenation difficulty (OI >15)

• High ventilation requirements (MAP >12) or need for high        
frequency modes of ventilation

• Profound or recurrent pulmonary haemorrhage

• “NEC-like” abdominal distension with tenderness or erythema

• Acute renal failure

• Hemodynamic instability requiring > 1 cardiotropic agent

• Moderate-severe metabolic acidosis (pH < 7.1) or base deficit        
> -12.0

E4 Large HSDA

• Transductal diameter >3.0 mm

• Unrestrictive pulsatile transductal flow 

• Severe left heart volume loading (e.g. LA:Ao ratio >2:1, mitral 
regurgitant jet > 2.0 cm sec-1)

• Severe left heart pressure loading (e.g. E/A ratio > 1.5 or IVRT      
< 35)

• Reversal of end-diastolic flow in superior mesenteric, middle 
cerebral or renal arteries
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Whether you are learning, reviewing or 
teaching pediatric cardiac auscultation, you 
need to take a good look (and listen to)  
Pediatric Heart Sounds by Michael E. 
McConnell, MD. If  you already  have a copy 
of  one of  the general physical examination 
texts such as DeGowin’s Diagnostic  Exami-
nation or Mosby’s Guide to Physical Exami-
nation, you still should review this new book.  

The reason is simple: The CD, which ac-
companies the text,  is absolutely  fantastic!   
In fact,  as you use your mouse, an icon that 
looks like the bell of  a stethoscope moves to 
the spot  you select,  giving the appearance 
of  an actual physical exam. The CD pro-
vides very  high quality  audio of  each of  the 
common pathological murmurs and inno-
cent murmurs from typical patients. You can 
place the “stethoscope” in the classical loca-
tions for cardiac auscultation (upper right, 
upper left, and lower left sternal borders, as 
well as the apex), and listen to the sounds 
of  the different  murmurs you want to hear 

and an explanation of  the how the sounds 
caused by  a single murmur sound different 
when listened to from various locations.  In 
addition, excellent textual discussions, dia-
grams, echo/Doppler still frames and pic-
tures on both the CD and in the book com-
plement the auditory presentations.

Pediatric Heart Sounds  is  not, nor is it in-
tended to be a comprehensive coverage of 
pediatric cardiac auscultation. However, it 
contains well-written chapters in the book 
and excellent audios on the CD, covering: 

• Normal Heart Sounds 

• Innocent Heart Murmurs

• Atrial Septal Defects 

• Ventricular Septal Defects

• Patent Arterial Duct 

• Aortic Stenosis 

• Pulmonic Stenosis 

• Mitral Valve Insufficiency 

• and Tetralogy of Fallot 

A few of  the less common cardiac mur-
murs found in children are missing--such 
as the murmur caused by  mitral valve 
prolapse.  However, in my  view, the author 
achieves his stated goals of  getting “the 
learner more comfortable using the stetho-
scope in an organized fashion,” and of  
improving the learner’s “ability  to tell patho-
logic from normal heart sounds” very well.

I recommend this new book and CD very 
highly.  It is a valuable educational tool. For 
more information go to: www.Springer.com.
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Book Review: “Pediatric Heart 

Sounds” 
By John W. Moore, MD, MPH; Medical 
Editor - Congenital Cardiology Today
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Pediatric Heart Sounds by Michael E. 
McConnell, Associate Professor of                 
Pediatrics, Emory University School of 
Medicine, Atlanta, GA; 2008, XIII, 109 p. 
27 illustrations (23 in color). Hardcover 
with CD ROM;  ISBN: 978-1-84628-683-4

“Whether you are learning, 
reviewing or teaching              
pediatric cardiac                        
auscultation, you need to take 
a good look (and listen to) 
Pediatric Heart Sounds   by 
Michael E. McConnell, MD.”
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