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Learning objectives
• Discuss the components of right ventricular (RV)

performance. (i.e. morphology, afterload, contractility, preload)

• Evaluate echocardiographic approaches to RV
performance. (conventional and advanced techniques)

• Identify emerging methods to characterize RV
performance. (i.e. Apical 3-chamber view, RV-PA coupling)

• Take Home Tips. (don’t forget the LV, validation studies)



All (n=60) Healthy “Controls” 
(n=30)

Pulmonary
hypertension (n=30)

RV dilation 
Expert 0.15 (0.06), p=.003 0.13 (0.02), p<.001 0.17 (0.07), p=.009 

Novice 0.13 (0.05), p=.003 0.22 (0.07), p=.002 0.02 (0.06), p=.38

Septal curvature
Expert 0.23 (0.05), p<.001 0.09 (0.08), p=.13 0.23 (0.08), p=.001 

Novice 0.21 (0.05), p<.001 0.06 (0.07), p=.18 0.29 (0.07), p<.0001

RV dysfunction
Expert 0.31 (0.06), p<.001 0.13 (0.01), p=.1 0.32 (0.08), p<.0001

Novice 0.35 (0.06), p<.001 0.06 (0.1), p=.3 0.4 (0.08), p<.0001

Purna J, McNamara PJ. PAS 2017.

The “eyeball” test
Qualitative assessment of RV function



Adapted from El-Khuffash & McNamara

Determinants of right ventricle performance

RV Cellular
Metabolism

Right ventricle
(RV performance)

Preload
• Diastolic function
• Hydration / Shunts
• Pericardial effusion

Contractility
• Acidosis / sepsis
• Ischemia / asphyxia
• Inotropes

Morphology
• Macroscopic 
• Ultrastructure
• Cellular

Work
breathing, growth, 

trauma, fever, catabolism

Haemoglobin
pain, sedation, 

anxiety, thermogenesis Pulmonary
vasculature          

(target organ flow)
O2 Consumption O2 Delivery

O2 Saturation
lung disease,

cardiac shunts

Haemoglobin
anemia,

haemorrhage

Heart Rate

Afterload 
• Resistance
• Compliance
• Impedance

Preload
• Diastolic function
• Hydration / Shunts
• Pericardial effusion

Contractility
• Acidosis / sepsis
• Ischemia / asphyxia
• Inotropes

Morphology
• Macroscopic 
• Ultrastructure
• Cellular

CO = SV x HR
Right ventricle

(RV performance)



Measures of right ventricle performance

Preload
• Diastolic function
• Hydration / Shunts
• Pericardial effusion

Contractility
• Acidosis / sepsis
• Ischemia / asphyxia
• Inotropes

Morphology
• Macroscopic 
• Ultrastructure
• Cellular

1. Pressure-dependent
• TR velocity jet
• Septal wall motion
• LV eccentricity index
• Shunts / directions

2. PA acceleration time
• PAAT / RVET

1. IVC  (?)
2. Volumes (?)

1. RV contractility
• dp/dt
• Strain rate

2. RV systolic function
• Global
• Regional

3. RV diastolic function
• Global
• Regional

1. RV Areas
• Systolic
• Diastolic
• 4-ch / 3-ch

2. Dimensions
• RV inflow
• RV outflow

Afterload 
• Resistance
• Compliance
• Impedance

Preload
• Diastolic function
• Hydration / Shunts
• Pericardial effusion

Contractility
• Acidosis / sepsis
• Ischemia / asphyxia
• Inotropes

Morphology
• Macroscopic 
• Ultrastructure
• Cellular



Netter FH, Atlas of Human Anatomy 

Coarse 
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trabecular
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Inlet
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TV

Thin RV 
free wall

Complex tripartite structure
Morphology



RV Free Wall
is visible

RV Free Wall
is Lost ??

RV

The probe is placed on the apex,   at an 
angle pointing towards the right 

shoulder.
www.tnecho.com (Images) Animations, Malcom and Evans 

Traditiona
l

Focused

Apical 4-chamber 
Imaging the right ventricle

http://www.tnecho.com/


RV

RA PA

Rotate the probe counterclockwise 
from the apical 4-chamber view

interventricular septum from a 2D short-axis view acquired at the
level of the mitral valve. IVSs was considered ‘‘flat’’ if there was com-
plete absence of concavity toward the left ventricle. A comparison
was performed between pulmonary artery acceleration time and
the presence of flat IVSs, as surrogates of PVR, for the two time
points.9,10 Presence or absence of PDA and PFO was also recorded.
All color and DTI based measurements were averaged from three
consecutive cardiac cycles.

Estimation of Reference Values and Z Scores

All echocardiographic measurements were assessed for dependency
on BW. Associations with infant length or body surface area were not
explored because of concerns regarding the accuracy of length mea-
surement in the newborns. Regression models were empirically
tested to optimize the goodness of fit between echocardiographic
measurements and BW. Linear (y = ax + b), allometric (y = axb),
second-order polynomial (y = ax2 + bx + c), and third-order polyno-
mial (y = ax3 + bx2 + cx + d) models were tested. Selection of the
most adequate model for each echocardiographic measurement
was based on goodness of fit, on visual inspection of residual values,
on fit diagnostic aid plots, and on fit plots of the residual values over
the independent variable by linear regression and polynomial regres-
sion. Mathematical transformation of the dependent variable was
considered only if the distribution of the normalized echocardio-
graphic measurement suggested significant departure from the
normal distribution.

Preliminary analysis showed that the variance of the residual values
was not always homogenous across the range of BW (i.e., heterosce-
dasticity). However, weighted regression approaches yielded clearly
overadjusted results (not shown). Therefore, weighted regressions
were not further explored.

For each echocardiographic measurement, the selected regression
model was used to calculate the predicted mean value according to

BW. Residual values (observed measurement minus predicted
mean) were calculated, and the standard deviation of the residual
values was computed. Z scores were then calculated as follows:

Z score ¼ ðobserved value# predicted meanÞ
% =standard deviation of residual values:

Finally, newly computed Z scores were tested to ensure that resid-
ual association with BW (by linear regression and polynomial regres-
sion) and significant departure from the standard normal distribution
(distribution histograms, box plots, normal probability plots, and
Shapiro-Wilk statistic) were not present.

Statistics

Data are presented as mean6 SD ormedian (interquartile range), un-
less otherwise stated. Results from D2 scans were compared with
those from D1 scans using paired Student’s t tests or Fisher’s exact
tests as appropriate. The interobserver measurement reliability for
all RV indices was assessed using 20 randomly selected studies. For
intraobserver variability, one investigator (A.J.) performed two offline
analyses 12 weeks apart to avoid recall bias, while interobserver vari-
ability was assessed by a second investigator (A.K.), who was blinded
to the measurements of the first investigator. Interobserver agreement
was tested using intraclass correlation, presented as intraclass correla-
tion coefficients (ICCs) and 95% confidence interval, and Bland-
Altman (BA) analysis, presented as 95% limits of agreement and
coefficient of variation (COV). COV was calculated for each param-
eter using the formula COV (%) = (standard deviation of absolute
differences between repeated measurements/arithmetic mean of all
repeated measurements) % 100%. This was done to facilitate a
more intuitive comparison between reproducibility of different pa-
rameters. The lower the COV, the lower the interobserver variability.
We accepted P values < .05 as significant. The strength of linear
dependency between major functional indices was examined by esti-
mating Pearson or Spearman correlation coefficients as appropriate.
The actual P values are shown. Multiple-comparison correction using
the Bonferronis method would have required a readjustment of the
significance threshold to P < .008.

RESULTS

Fifty neonates (17 male) with a mean gestational age of 39.7 6 1.2
weeks were included. Twelve neonates were delivered by cesarean
section. The mean cord pH was 7.23 6 0.07, and the median
Apgar score at 5 min was 9 (range, 8–9). Two infants were noted
to have premature atrial contractions during echocardiography that
were confirmed by 12-lead electrocardiography. Themean time inter-
val between the two scans was 19.961.8 hours. Table 1 summarizes
clinical and echocardiographic characteristics of the included neo-
nates. Small PDAs were present in 44% of subjects on the first day
of life, which closed spontaneously in the majority by the second
day. An increase in pulmonary artery acceleration time suggests a
decrease in PVR on D2 versus D1, which was also consistent with
the decreased frequency of flat IVSs.

Feasibility and Reliability of RV Measurements

All RV dimensions were measurable from each of the 100 scans
analyzed. STE-derived pLS-4C and pLS-3C measurements were

Figure 4 The RV-3C view demonstrating simultaneous visuali-
zation of RV inflow, outflow, and inferior wall. This view was ob-
tained by rotating the ultrasound transducer counterclockwise
from the conventional apical four-chamber view while maintain-
ing a rightward tilt to keep the right ventricle in the middle of the
view. MPA, Main pulmonary artery; PV, pulmonary valve; RA,
right atrium; TV, tricuspid valve.
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Jain et al 5RV focused apical 3 – chamber view
Imaging the right ventricle

Animations, Malcom and Evans J Am Soc Echocardiogr 2014;1293-304


