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Background: Pulmonary hypertension (PH) increases right ventricular (RV) pressure, resulting in septal shift
and RV dilation. Few echocardiographic measures have been used to evaluate severity and outcomes in
children with PH. The aims of this study were to compare the RV to left ventricular (LV) diameter ratio at
end-systole (RV/LV ratio) in normal controls and patients with PH, to correlate the RV/LV ratio with invasive
hemodynamic measures, and to evaluate its association with outcomes in children with PH.

Methods: The RV/LV ratio was compared retrospectively between 80 matched normal controls and 84 PH
patients without shunts. Of the patients with PH, 49 children underwent 94 echocardiographic studies and car-
diac catheterizations within 48 hours (13 patients had simultaneous measurements). The RV/LV ratio was
correlated against hemodynamic measures. Kaplan-Meier curves and a Cox proportional-hazards regression
model were used to assess relationships between RV/LV ratio and time until an adverse clinical event (initiation
of intravenous prostacyclin therapy, atrial septostomy, death, or transplantation).

Results: RV/LV ratios were lower in controls compared with patients with PH (mean, 0.51 [95% confidence
interval, 0.48–0.54] vs 1.47 [95% confidence interval, 1.25–1.70], P < .01). The RV/LV ratio correlated signifi-
cantly with mean pulmonary artery pressure, systolic pulmonary artery pressure, systolic pulmonary artery
pressure as a percentage of systemic pressure, and pulmonary vascular resistance index (r = 0.65 [P <
.01], r = 0.6 [P < .01], r = 0.49 [P < .01], and r = 0.43 [P < .01], respectively). Twenty-two patients with PH
with RV/LV ratios > 1 had adverse events within a median of 1.1 years from their earliest echocardiographic
studies. Increasing RV/LV ratio was associated with an increasing hazard for a clinical event (hazard ratio,
2.49; 95% confidence interval, 1.92–3.24).

Conclusions: The RV/LV end-systolic diameter ratio can easily be obtained noninvasively in the clinical setting
and can be used in the management of patients with PH. The RV/LV ratio incorporates both pathologic septal
shift and RV dilation in children with PH and correlates with invasive measures of PH. An RV/LV ratio > 1 is
associated with adverse clinical events. (J Am Soc Echocardiogr 2014;27:172-8.)
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Pulmonary hypertension (PH) is defined as mean pulmonary artery
pressure$ 25 mm Hg at rest.1 PH is a progressive disease associated
with elevations of pulmonary artery pressure and pulmonary vascular
resistance, resulting in right ventricular (RV) dilation and dysfunction.
The effect of RV dilation on the interventricular septum leads to a
septal shift toward the left ventricle in systole. This abnormal inter-
ventricular septal shift has been previously described in patients
with PH.2-4 In those with severe PH, progressive RV dilation and
dysfunction result in RV failure and death.5-7 Hemodynamic data
obtained by cardiac catheterization are used as a gold standard to
assess patients with PH and to determine the severity of PH, but
cardiac catheterization is an invasive procedure.8 The inherent risks
of cardiac catheterization limit its use as a surveillance tool for children
with PH.

Transthoracic echocardiography is a noninvasive method used to
evaluate pulmonary hemodynamics and right heart function.9-17 It
is cost effective, accessible, and safe. Several echocardiographic

Pediatric Cardiology, Children’s Hospital Colorado, University of Colorado,

Aurora, Colorado (P.-N.J., J.H., D.D.I., A.Y.); Biostatistics and Informatics,

Colorado School of Public Health, University of Colorado, Aurora, Colorado

(B.D.W.).

This study was supported by the Frederick and Margaret L Weyerhaeuser

Foundation, the Jayden DeLuca Foundation, the Leah Bult Foundation, Colorado

Clinical Translational Science Institute (UL1 TR000154), National Center for

Research Resources, and National Institutes of Health, P50 HL084923, and RO1

HL114753.

Reprint requests: Pei-Ni Jone, MD, Children’s Hospital Colorado, University of

Colorado, 13123 East 16th Avenue, B100, Aurora, CO 80045 (E-mail: pei-ni.

jone@childrenscolorado.org).

0894-7317/$36.00

Copyright 2014 by the American Society of Echocardiography.

http://dx.doi.org/10.1016/j.echo.2013.10.014

172

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:pei-ni.jone@childrenscolorado.org
mailto:pei-ni.jone@childrenscolorado.org
http://dx.doi.org/10.1016/j.echo.2013.10.014


indices have been described to
evaluate PH and its association
with clinical outcomes.3,7,17-19

Tricuspid regurgitation velocity
is the most feasible noninvasive
technique to estimate systolic
pulmonary artery pressure
(sPAP) in patients with PH;
however, its precision has been
debatable, and it cannot be
assessed in all patients.20 We
sought to evaluate a new index,
the RV to left ventricular (LV)
diameter ratio at end-systole
(RV/LV ratio), with the following
objectives: (1) evaluate the feasi-

bility of this index, (2) compare normal controls and patients with PH,
(3) correlate with invasively obtained hemodynamic measures in PH,
and (4) evaluate the association between RV/LVratio and clinical out-
comes in children with PH.

METHODS

Study Population

Normal Controls. The University of Colorado Children’s Hospital
Colorado pediatric normal echocardiographic database (per an
institutional review board–approved protocol) was used to retrospec-
tively identify 80 normal controls with similar age and gender distri-
butions as the PH cohort. All 80 normal children were evaluated
for heart murmurs and had normal results on echocardiography.
RV/LV ratios were obtained in normal controls and compared with
RV/LV ratios in patients with PH.

Patients with PH. The University of Colorado Children’s Hospital
Colorado pediatric PH database was used to retrospectively identify
84 patients with PH who underwent echocardiographic evaluation,
cardiac catheterization, and had outcomes between March 2006
and November 2012. Inclusion criteria were adequate echocardio-
graphic images in parasternal short-axis views at the level of the
papillary muscles and patients who could have any category of
PH. Exclusion criteria were inadequate-quality echocardiographic
images in which the right ventricle was cut off in the parasternal
short-axis view, presence of intracardiac shunts, or presence of
RV outflow tract obstruction. PH patients’ clinical statuses were ob-
tained from their medical charts. This study was approved by the
institutional review board at the University of Colorado.

Transthoracic Echocardiography

Echocardiography was performed on all normal controls and patients
with PH using an iE33 (Philips Ultrasound, Bothell, WA) or a Vivid 7
(GE Medical Systems, Milwaukee, WI) ultrasound machine.
Echocardiograms were digitally acquired using a standard protocol
with appropriately sized transducers for patient size in all patients.
RV/LV ratios were obtained offline from the parasternal short-axis
two-dimensional view at the level of the papillary muscles with the
RV free wall in view. RV and LV diameters were measured from
the endocardial to endocardial surfaces at end-systole. RV/LV ratios
were calculated (Figure 1).

Echocardiographic images were analyzed offline using the Agfa
Heartlab system (Mortsel, Belgium). Feasibility of RV/LV ratios was

assessed in normal controls and patients with PH. RV/LV ratios were
compared between normal controls and patients with PH. Forty-nine
of 84 patients with PH underwent echocardiography within 48 hours
of cardiac catheterization. In these 49 patients, 94 echocardiographic
studies and cardiac catheterizations were performed between March
2006 and November 2012. Echocardiographic images were analyzed
within 48 hours of cardiac catheterization, and a small subset of
patients (13 patients) had simultaneous image acquisition in the
cardiac catheterization laboratory. Echocardiographic studies from all
84 patients with PH were analyzed for clinical outcomes.

Cardiac Catheterization

Forty-nine patients with PH underwent 94 standard right-sided
heart catheterizations within 48 hours of their echocardiographic
assessments. Of these 49 patients, 13 underwent simultaneous
echocardiographic studies and cardiac catheterizations. General
anesthesia was used in 62 of 94 studies (65%), and the rest were
performed under conscious sedation. Eighty-three of 94 studies
(88%) were done with the patients on room air. Three studies
were performed with the patients on 100% oxygen and 8 studies
with the patients on 30% oxygen. Data collected from the catheter-
ization procedure included sPAP, sPAP as a percentage of systemic
pressure (%PAP), mean pulmonary artery pressure, pulmonary
vascular resistance index, pulmonary capillary wedge pressure, right
atrial pressure, and cardiac index. Cardiac output was obtained us-
ing thermodilution, and cardiac index was calculated. Pulmonary
vascular resistance index was calculated as (mean pulmonary artery
pressure � mean pulmonary wedge pressure)/cardiac index.

Clinical Outcomes

Clinical outcomes were analyzed in all 84 patients with PH who
underwent echocardiography between March 2006 and November
2012. Clinical outcomes were retrospectively obtained from medical
charts in patients with PH. An adverse clinical event was defined as
(1) disease progression requiring the initiation of intravenous prostacy-
clin, (2) clinically indicated creation of an atrial septostomy, (3) death, or
(4) transplantation. The earliest echocardiographic studies available
(defined as the earliest echocardiograms from 2006 onward for each
patient) and the most recent echocardiographic studies (or those
performed just before adverse events) were analyzed for outcome
analysis. A subgroup analysis of earliest echocardiographic studies was

Figure 1 Parasternal short-axis view of the right and left ventri-
cles. The RV/LV ratio was derived from RV diameter and
LV diameter at end-systole.
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