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Background: Quantitative assessment of ventricular 
function in children with single ventricles is both diffi cult 
and subjective because of asymmetric ventricular geometry. 
The Doppler myocardial performance index (MPI) allows 
the assessment regardless of ventricular shape. This study 
was designed to evaluate the feasibility of MPI in assessing 
ventricular function in children with single ventricles before 
and after total cavopulmonary connection (TCPC).  

Methods: Subjects consisted of 161 pediatric patients 
with single ventricles and 80 normal children without 
heart disease. The maximum positive rate of ventricular 
pressure change (Max dp/dt) was obtained in 58 patients 
by cardiac catheterization. Sixty-eight children with 
single ventricles received TCPC. MPI was calculated 
from Doppler tracings of ventricular infl ow and outfl ow, 
then MPI of single ventricles before and after surgery 
and normal heart were compared.

Results: Normal MPI value was 0.30±0.08 in the left 
ventricle and 0.26±0.08 in the right ventricle. Compared 
to normal children, MPI was signifi cantly higher in 161 
children with single ventricles (0.54±0.11, P<0.001). MPI 
correlated inversely with Max (dp/dt) (r=-0.77, P<0.01), 
and was positively related to age (r=0.54, P<0.01) in 
patients with single ventricles. MPI did not differ 
signifi cantly before and after surgery in 68 patients 
with single ventricles (0.55±0.21 vs 0.51±0.20, P>0.05). 
However, MPI in 48 patients of <6 years old decreased 
signifi cantly (0.55±0.21 vs 0.48±0.18, P<0.05), suggesting 
improved ventricular function.

Conclusions: Compared to normal children, ventricular 

function is impaired in patients with single ventricles and 
may worsen with age. MPI provides an accurate method 
for assessing ventricular function in children with single 
ventricles before and after TCPC.
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Introduction

Single ventricle is very common in patients 
with complex congenital heart disease. 
Quantitative assessment of their ventricular 

function is important for preoperative evaluation 
and serial postoperative follow-up. However, the 
assessment of ventricular function in children with 
single ventricles is very diffi cult and subjective.[1] 
Traditional systolic ejection phase indexes are based 
on geometric assumptions that are frequently invalid 
in these patients because of their unusual ventricular 
geometry.[2] Magnetic resonance imaging has proven 
useful in assessing single ventricular function, but 
these techniques are inappropriate for small children 
because they require deep sedation due to the loud noise 
of operation.[3] Three-dimensional echocardiography 
seems ideal for estimating volume since it does not 
require any assumptions about chamber shape and has 
been successfully applied in assessing left and right 
ventricular function. However, these studies depend on 
expensive equipment, and sometimes single ventricle is 
too large to be completely contained. So far, a simple, 
reliable and reproducible echocardiographic measure 
of univentricular performance has not been available. 
Myocardial performance index (MPI), combining 
Doppler-derived systolic and diastolic time intervals 
to generate a combined index of global ventricular 
function, has been proposed recently. This index, 
essentially a time ratio independent of ventricular shape, 
may be used to assess the performance of ventricles of 

Doppler myocardial performance index in assessment of 
ventricular function in children with single ventricles

Yu-Qi Zhang, Kun Sun, Shan-Liang Zhu, Lan-Ping Wu, Guo-Zhen Chen, 
Zhi-Fang Zhang, Sun Chen, Fen Li, Xiao-Lei Yi
Shanghai, China



World J Pediatr, Vol 4 No 2 . May 15, 2008 . www.wjpch.com

110

World Journal of Pediatrics

O
riginal article

unusual geometry.[4] Although MPI is widely accepted 
in the evaluation of adult patients,[5,6] its use in children 
with congenital heart disease is limited. This study 
aimed to explore the feasibility of MPI in assessing 
univentricular function and investigate the infl uence of 
total cavopulmonary connection (TCPC) procedure on 
cardiac performance.

Methods
Patients
From April 1988 to December 2006, clinical records 
of 241 children were studied retrospectively who were 
treated at the Department of Pediatric Cardiology, 
Shanghai Children's Medical Center. Informed consents 
were obtained from their parents, and the study was 
approved by the Hospital Institutional Review Board. 
Among them, 80 children were controls with normal 
echocardiogram and electrocardiogram, 41 males and 
39 females, aged from 4 days to 18 years (average: 5.2±
0.9 years). The study group included 161 children with 
single ventricles, including 93 males and 68 females, 
aged from 1 day to 18 years (average: 5.1±0.8 years). 
Of these patients, 81 had single right ventricle, 48 
had single left ventricle, and 32 had single ventricle 
of mixed morphology. The maximum positive rate of 
ventricular pressure change (Max dp/dt) was obtained 
in 58 patients by cardiac catheterization. TCPC was 
performed in 68 patients, including 48 patients who 
underwent surgery at <6 years and 20 patients who 
underwent TCPC at >6 years of age. All subjects were 
in sinus rhythm during echocardiogram recording.

Doppler echocardiography
All patients were studied with an HP SONOS 
5500 system (Hewlett-Packard Andover, MA) 
with an S4 transducer in left lateral position. An 
electrocardiographic signal with 0.04-second marks 
was displayed with Doppler signals for event timing. 
Sample volume was set at an axial length of 0.35 cm. 
In the control group, the mitral infl ow velocity pattern 
was recorded from the apical four chamber view with 
the sample volume between the tips of the mitral 
leafl ets. The left ventricular outfl ow was recorded by 
Doppler with the sample volume positioned above the 
aortic valve. The tricuspid infl ow was recorded by 
Doppler with the sample volume positioned between 
the tips of the tricuspid leafl ets and the right ventricular 
outfl ow with the sample volume above the pulmonic 
valve. In the study group, systemic ventricular outfl ow 
was recorded by Doppler with the sample volume 
positioned above the aortic valve; ventricular infl ow 
was recorded with the sample volume positioned 

between the tips of the systemic atrioventricular 
valve. Images were recorded on MO disk, and off-line 
analysis of the recorded images was performed using 
the same ultrasound system.

Doppler echocardiography was performed within 
24 hours of the catheterization studies and TCPC 
procedure. All patients were clinically stable during the 
noninvasive and invasive studies. During examination, 
the patients were at rest and quiet, and some of them 
were sedated with oral chloral hydrated (50 mg/kg) if 
necessary.

Measurement of MPI
MPI was calculated as previously described (Fig. 1). 
Ejection time was measured from the onset to the end 
of ventricular outfl ow. Isovolumic relaxation time was 
calculated by subtracting ejection time from the end 
to onset of ventricular infl ow. MPI was calculated 
by dividing isovolumic portion by ejection time.[1,3] 
Mean values were obtained by averaging at least 5 
consecutive beats. 

Cardiac catheterization
Hemodynamic measurements were performed using 
standard techniques. Briefl y, single ventricular pressure 
was recorded during catheterization with a fl uid-fi lled 
catheter system and a strain-gauge manometer (GE-
Vascular ADV/LV/LP/DLX, GE Healthcare, Chalfont 

Fig. 2. Correlation between MPI and Max (dp/dt) in 58 children with 
functionally single ventricles.
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Fig. 1. MPI is calculated as (a-b)/b, where a is the interval between 
cessation and onset of the atrioventricular inflow and b is the 
ventricular ejection time. ICT: isovolumic contraction time; IRT: 
isovolumic relaxation time.
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St Giles, UK). Max (dp/dt) was determined with data 
from single ventricular pressure. Mean values were 
obtained by averaging at least 5 consecutive beats.

Reproducibility analysis
The repeatability of interobserver and intraobserver 
was studied in 10 patients with single ventricles by 
Bland-Altman analysis.[7] Each observer individually 
selected the frames to measure and had no knowledge 
of the results obtained by the other observer.

Statistical analysis
The data were expressed as means ± SD or percentages 
as appropriate. Differences in continuous variables 
between the patients with single ventricles and controls 
were assessed using unpaired Student's t test. Paired 
t test was used to assess difference in continuous 
variables in the single ventricle group before and after 
TCPC. Linear regression analysis was used to assess 
the relation of MPI to age in both single ventricle 
and control groups. Statistical signifi cance was set at 
P<0.05, and all P values are two-sided. Statpal software 
(Chalmer BJ, Whitmore DG; distributed by Marcel 
Dekker, Inc., New York, NY) was used for all analyses.

Results
The single ventricle group consisted of 161 patients; 
of these, 68 underwent TCPC procedure and 58 
underwent cardiac catheterization. The control group 
consisted of 80 children with normal hearts. There 
were no signifi cant differences in age, weight, gender, 
or heart rate between the two groups (P>0.05).

In the control group, the normal value of the left 

Table 1. Clinical profi le, Doppler intervals and MPI in 161 children 
with functionally single ventricle (means ± SD)

LV type RV type Un type Total SV
n 48 81 32 161
a (s)   0.31±0.05   0.32±0.05   0.32±0.06     0.31±0.05
b (s)   0.19±0.03   0.20±0.02   0.20±0.04     0.20±0.03
MPI   0.56±0.15   0.56±0.11   0.54±0.14     0.54±0.11
a: interval between cessation and onset of atrioventricular inflow; b: 
ventricular ejection time; MPI: myocardial performance index; LV: left 
ventricular; RV: right ventricular; Un: indetermined; SV: single ventricle.

ventricular MPI was 0.30±0.08; MPI of the right 
ventricle was 0.26±0.08. MPI was independent of 
age and heart rate (P>0.05), left and right ventricular 
MPIs were not affected by age and heart rate in normal 
children.

The data of patients with single ventricle are 
shown in Table 1. The results showed that MPI of 
single ventricle was 0.54±0.11, higher than that in the 
control group (P<0.001). MPI of single ventricle of left 
ventricular type was 0.56±0.15, of right ventricular 
type was 0.56±0.11, and of indeterminate type was 0.54
±0.14. There was no signifi cant difference in types of 
single ventricle (P>0.05). MPI was positively related 
to patient's age (r=0.54, P<0.01). Max (dp/dt) was 1105
±275 (range: 528-1824) mmHg/s, correlated inversely 
with MPI (r=-0.77, P<0.001) (Fig. 2). 

Demographic data of 68 patients with single 
ventricles before and after TCPC are shown in Table 
2. There was no signifi cant difference in MPI in 
these patients before and after surgery (0.55±0.21 
vs 0.51±0.20, P>0.05). However, MPI in 48 patients 
who underwent surgery at <6 years old decreased 
signifi cantly (0.55±0.21 vs 0.48±0.18, P<0.05), 
suggesting an improvement in ventricular function. 
There was no signifi cant change in the MPI in 20 
patients who underwent TCPC at >6 years old (0.57± 
0.17 vs 0.58±0.21, P>0.05).

There was an acceptable, nonsignifi cant difference 
in MPI values obtained by the two independent 
observers (P=0.76), and a mean percentage error of 6.4
±2.1% was obtained by intraobservers.

Discussion
A wide variety of congenital defects share the common 
characteristics of single ventricular chamber: single left 
ventricle, single right ventricle, etc. Previous studies 
suggest that long-term volume overload of single 
ventricles and persistent cyanosis adversely affect 
ventricular function,[8-10] and that early procedures 
to relieve volume overload in these patients may be 
benefi cial.[11,12] So quantitative assessment of their 
ventricular function is important for preoperative 
evaluation and serial postoperative follow-up.

Ejection phase indexes, although used to evaluate 
single ventricular function, rely on geometric 
assumptions that are not valid for the single ventricle. 
Since MPI, as a time ratio, is both independent of 
ventricular geometry and the presence of systemic 
atrioventricular valve regurgitation, it may be particularly 
useful in assessing univentricular function.[1,13]

LaCorte et al[14] used a porcine model to directly 
correlate MPI with invasive indices of systolic and 

Table 2. Changes in MPI in 68 patients before and after TCPC in 
patients who underwent surgery at <6 years old and at 7-18 years old 
(means ± SD)

<6 years >6 years Total
No. 48 20 68
MPIpre-op   0.55±0.21   0.57±0.17   0.55±0.21
MPIpos-op   0.48±0.18*   0.58±0.21   0.51±0.20
*: P <0.05. MPIpre-op: MPI before operation; MPIpos-op: MPI after operation.
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diastolic function. They found a statistically signifi cant 
inverse relationship between percent change in MPI 
and percent change in cardiac output (r=-0.65, P=0.03) 
and a direct correlation between the value of Tei and 
the ventricular stiffness constant at baseline (r=0.63, P 
<0.05). This invasive experiment supports the clinical 
use of this index as a measure of global ventricular 
function.[15,16] In our study, there was a good correlation 
between MPI and invasive measurements of Max (dp/
dt) (r=-0.77, P<0.01), suggesting that MPI could be used 
to estimate single ventricular function. Further, the left 
and right ventricular MPIs in controls were similar to 
the previously reported normal values. Patients with 
single ventricles had a higher MPI (0.54±0.11) than 
normal patients (P<0.001), and this was positively 
related to age (r=0.54, P<0.01), suggesting adverse 
effects of long-term volume overload and decreased 
ventricular function.[17]

Single ventricles are of three types: left ventricular 
type, right ventricular type, and indeterminate type. 
The modifi ed Fontan procedure has been applied to the 
management of all forms of single ventricle anomaly. 
The modifi ed Fontan procedure is characterized by 
low early mortality, excellent mid-term survival, and 
improved single ventricular function.[8] Nevertheless, 
a morphologic right ventricle is a risk factor for 
prolonged hospitalization of in-patients and may 
infl uence the long-term survival because of intrinsic 
geometric functional and pathophysiologic differences 
between the morphologic right ventricle and the 
morphologic left ventricle.[18] In our study, however, 
there was no signifi cant difference among MPI of 
the three types, suggesting ventricular morphology 
does not infl uence univentricular function. Whether 
ventricular morphology will infl uence postoperative 
outcomes requires further study.

In our study, MPI in 48 patients who underwent 
surgery at <6 years old decreased signifi cantly (0.55± 
0.21 vs 0.48±0.18, P<0.05), but no signifi cant decrease 
was found in 20 patients who underwent TCPC at 
>6 years old (0.57±0.17 vs 0.58±0.21, P>0.05). Our 
fi ndings support the hypothesis that early reduction 
of volume load may preserve and even improve 
ventricular function,[11] suggesting that TCPC should be 
performed as early as possible.

This study has some limitations. First, the intervals 
between the onset and end of atrioventricular fl ow 
and ejection time are measured sequentially and not 
on the same cardiac cycle.[19] Second, the cessation of 
atrioventricular infl ow may be signifi cantly affected 
by atrioventricular block and atrial fl utter. Further 
study is needed to clarify the effects of arrhythmias 
on MPI. Third, the load dependence of MPI has to be 
completely evaluated,[20] and further study is necessary 

to clarify the effects of loading conditions on MPI.
Compared to normal children, ventricular function is 
impaired in patients with single ventricles and may 
worsen with age. 

In conclusion, MPI provides an accurate method 
for assessing ventricular function in children with 
single ventricles before and after TCPC procedure. The 
TCPC procedure should be performed early to improve 
univentricular function. When MPI is used to evaluate 
cardiac function, the effect of ventricular preload and 
afterload should be considered.
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