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Background : Assessment of ventricular function in children who have single ventricle
(SV) by standard conventional echocardiographic methods is invalid
because of the unusual ventricular morphology. Myocardial performance
index (MP1) is a Doppler index. It is independent on ventricular geometry
and can be used to assess the global cardiac function. It may be better
than conventional method in assessing ventricular function in patients
with SV physiology

Objective : To assess therventricular function measured by MPI and standard
conventional echocardiography with cardiac catheterization in children
with SV physiology.

Methods : ~Children_with single. ventricle-physiology. who underwent cardiac
catheterization at Pediatric Cardiology Unit, Department of Pediatrics,
Chulalongkorn University, between June-December 2001 was prospective
recruited. Standard echocardiographic indices of myocardial performance
and MPI were performed in these patients one day before their cardiac
catheterization. Ventricular function was measured by area-length method
during cardiac catheterization. Correlation between MPI and either
echocardiographic indices or the data obtained from cardiac catheterization

were analyzed by simple linear regression analysis.

* Department of Pediatrics, Faculty of Medicine, Chulalongkorn University

** Department of Surgery, Faculty of Medicine, Chulalongkorn University
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Results ¢ Nineteen patients with single ventricular physiology were recruited into
the study. Twelve patients had single left ventricle (LV) and 7 had single
right ventricle (RV). Seven out of the 19 cases also had abnormal visceral
situs. The myocardial performance index (MPI) ranged from 0.38-0.82
(0.48 + 0.15). No significant difference in MPI between children with RV
and LV morphology and between patients with systemic to pulmonary
shunt and those without the shunt. There was no significantly correlation
between MPI and ventricular function assessed either by standard
conventional echocardiography or cardiac catheterization. In the interest
of MPI adjusted to the patient’s body surface area (BSA) was found to
have a significant correlation with the mean pulmonary artery (PA) pressure
and pulmonary to systemic vascular resistant (Rp/Rs). (r = 0.66,0=0.003
and r = 0.68, p=0.002). When this value was greater than1.0, it was
predictive of PA pressure > 15 mmHg with a sensitivity of 60 % and
specificity of 85 %.

Conclusions : Assessment of ventricular function in children with single ventricle by
standard conventional echocardiography and MP| does not correlate the
gfection fraction by cardiac catheterization. Myocardial performance
indexed to BSA (MPI/BSA) may be a useful indicator to predict high
mean PA pressure and high Rp/Rs ratio.

Keywords ¢ Cardiac function, Myocardial performance index, Single ventricle,

Doppler echocardiography.
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The assessment of ventricular function in
children with single ventricular physiology by traditional
systolic ejection phase indexes, which based on
geometric assumptions are invalid. " Myocardial
performance index (MPI) has been reported as a good
method to assess global cardiac function in adults

(29 The index is a Doppler-derived

and children.
method and itis independent on ventricular geometry.
It combines both systolic and diastolic time intervals
to generate a combined index of global ventricular
function. Although MPI has gained widespread
acceptance for the evaluation of adults with congestive
heart failure, ® its use in pediatric’ population was

||m|ted (1, 6, 15-21, 23

' The purpose of this study is to
examine the accuracy of MPI and other conventional
methods employed to determine the ventricular
function in children who have single ventricular
physiology compared with the ventricular function

measured by cardiac catheterization.

Patients and Method

Patients: Children with single ventricular physiology
who underwent complete cardiac catheterization at
Pediatric Cardiology Unit, Department of Pediatrics,
Faculty of Medicine, Chulalongkorn University,
Bangkok, Thailand during June -December 2001 were
prospectively reviewed.

Clinical data: General demographic data, age, sex,
weight, height, body surface area (BSA), pulse rate,
respiratory rate, blood pressure, and preloaded
condition were recorded one day before cardiac
catheterization.

Echocardiographic data: Standard conventional two-
dimensional echocardiography, M-Mode and Doppler

echocardiography ® were performed by an Aloka
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prosound SSD-5500 PHD (Aloka Inc, Tokyo, Japan)
to completely examine and measure ventricular
function. The following parameters were measured:
ejection fraction (EF) and fractional shortening (FS)
by M-mode echocardiography, EF by Simpson
method, and mitral inflow Doppler E/A ratio.
Myocardial performance index (MPI) @ was calculated
by subtracting ejection time (ET) from the interval
between cessation and onset of mitral inflow velocity
to give the sum of isovolumetric contraction time (ICT)
and isovolumetric relaxation time (IRT) (Figure 1). The
ejection time was determined from apical 5-chamber
view using pulse-wave Doppler interrogation of
systemic ventricular outflow with sample volume
positioned just below the aortic valve. The time from
the termination to the onset of ventricular inflow
was determined from pulse-wave Doppler with the
sample volume placed at the tips of the systemic
atrioventricular valve, again in the apical imaging
plane. The isovolumetric portion of the index (the sum
of ICT + IRT) was calculated by subtracting the ET
from the time from the end to the onset of ventricular
inflow. Three to 5 cardiac cycles were measured and

the average value was then obtained.

Figure 1. Schema Of Doppler time interval

(Myocardial performance index, MPI) @
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Cardiac catheterization data: The overall hemo-
dynamic data, end-diastolic pressure of systemic
single ventricle, mean pulmonary artery pressure,
ejection fraction (EF) and stroke volume was
measured. End-systolic and end-diastolic ventricular
volume was obtained by area length method, using
the antero-posterior (AP) projection and stroke volume
was then calculated. Otherimportant data from cardiac
catheterization, such as ventricular end diastolic
pressure, Qp/Qs, Rp /Rs, McGoon ratio and Nakata
index were obtained for further determination of their
correlation with MPI and other measurements from
conventional echocardiographic methods.

Statistical analysis: Stepwise linear regression
analysis was used to analyze the correlation
between cardiac function measured by noninvasive
conventional echocardiography and MPl'and the data
obtained by cardiac catheterization. A commercial
statistical software package (SPSS version 11.0, SPSS

Inc, Chicago, IL) was used for statistical evaluation.

Results

Nineteen children with single ventricular
physiology were recruited into the study. There were
12 boys (63 %) and 7 girls (36 %). Their mean age
was 32.6 + 33.7 months (ranged 2 months to
120 months) Their cardiac lesions included tricuspid
atresia (8 cases), double outlet right ventricle (5
cases), pulmonary atresia with intact ventricular
septum (1 case), unbalance atrioventricular septal
defect (2 cases) and double inlet left ventricle (DILV)
(2 cases). There were 12 patients with single left

ventricular morphology and 7 with single right

Chula Med J

ventricular morphology. Seven patients had abnormal
visceral situs (situs ambiguous 3 cases, and situs
inversus 4 cases) (Table 1).

The myocardial performance indexes (MPI)
ranged from 0.30-0.82 (0.48 + 0.15). There was no
difference between the MPI of patients with single left
ventricular morphology (0.48 + 0.15) and patients with
single right ventricular physiology (0.50 + 0.17). Seven
patients (37 %) underwent palliative systemic to
pulmonary shunt and the values of MPI were not
significantly different from those of patients who did
not have shunt operation(r=0.51, p=0.38).

It was found that no significant correlation
between Doppler-derived MPI from echocardiogram
and measured EF from cardiac catheterization
(Table 2, Figure 2 and 3). On the contrary, there were
significant correlations between MPI and age, body
surface area (BSA). (r=0.88, p < 0.001 and r=0.78,
p <0.001)(Table 2). MPI tended to increase with age,
body surface area. The ratio of MPI/BSA had a
significant positive correlation with mean pulmonary
artery (PA) pressure, and pulmonary to systemic
vascular resistance (Rp/Rs) (r=0.66, p = 0.003 and
r=0.68, p =0.002 respectively) (Table 2). The ratio
of MPI to BSA greater than 1.0 was predictive for a
high PA pressure (greater than-15 mmHg) with a
sensitivity of 60 % and- specificity of 85 %.

It demonstrates that the accurate cardiac
function could not be determined using standard
conventional echocardiographic methods or MPI alone.
This did not include FS from M-mode in which it
had a significant correlation with EF from cardiac

catheterization (=0.53, p = 0.02) (Table 2, Figure 4).
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Table 1. Summary clinical data and measurement from echocardiography and cardiac catheterization of SV

patients in this study.

age Sex BSA M- M- EF E/A° MPI MPI/ LV M EF Qp Rp Mc Nakata Morpho
no. (mo) mode mode simp BSA EDP Pap cath /Qs /Rs Goon Surgery
EF FS

1 8 m 081 702 346 512 117 069 086 17 13 o4 1 0.1 3 688 RV  Fontan

2 % m 073 646 282 409 088 0.76 1.04 16 15 63 0.8 01 28 630 RV -
3 48 f 0.6 649 345 571 115 063 106 12 11 65 06 0.1 16 215 LV  Fontan*
4 36 m 047 737 36 524 121 048 1.02 11 14 70 09 0.1 2 3%5 LV -
5 24 m 045 729 363 552 124 037 082 8 11 65 02 02 2 318 LV  Fontan*
6 5 f 034 703 336 513 09 034 098 12 13 56 06 02 25 406 RV  Glenn
7 24 f 055 65 312 549 225 04 O8I0 N2 g 1.5 0.1 2 247 RV Fontan*
8 7 m  0.31 791 406 33 FAS “032=¢T.03% VI2 14964 09 02 02 7 Lv -
9 120 m 096 734 368 785 102 082 08 11 34 67 24 02 2 351 LV -

10 4 f 054 776 392 658 117 055 101 12 15 68 08 041 37 1059 LV -

M1 6 m 035 548 233 469 12 042 119 17 15 57 02 06 33 524 LV -

12 7 m  0.31 636 286 608 085 05 181 8 35 63 14 03 18 206 LV -

13 36 m 047 828 444 725 098 046 098 10 5 77 04 01 16 310 LV -

14 18 m 04 643 291 625 085 044 11 12 - 71 01 - 0.8 46 Lv -

%5 36 m 067 69 362 646 161 037 05 13 11 73. 06 0.1 22 473 LV Fontan
16 2 f 019 74 36 683 118 034 175 6 57 74 13 05 38 580 RV -

1w 1 f 035 641 288 654 105 051 144 20 24 60 04 05 15 186 RV -

18 12 m 037 641 292 401 078 045 121 6 8 65 03 02 12 161 RV  Glenn
19 4 f 032 715 342 534 - 03 094 11 -2r 7 28 02 29 663 RV -

Abbreviations : age(mo) = month old , BSA = body surface area, M-mode EF = M-mode ejection fraction by standard
conventional echocardiography, M-mode FS = M-mode fractional shortening by standard
conventional echocardiography, EF simp = ejection fraction from Simpson method, E/A = E/A ratio,
MPI = myocardial performance index, MPI/BSA= the ratio of MPI to body surface area, LVEDP = left
ventricular end-diastolic pressure, m Pap=mean pulmonary artery pressure, McGoon = McGoon ratio,
Nakata = Nakata index, morpho = ventricular morphology of single ventricle, surgery = performed
surgical treatment , Fontan = modified Fontan operation, Glenn = bidirectional Glenn operation

Fontan* = Patient underwent operation and died.
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Table 2. The linear regression analysis between Doppler myocardial performance index (MPI),

MPI /BSA and ejection fraction (EF) from cardiac catheterization with independent

variables.

Correlations R P value
MPI
Age 0.87 * <0.001 *
Sex 0.24 0.31
Body surface area 0.78 * <0.001*
Ejection Fraction(EF) M-mode RIS 0.61
Fractional Shortening(FS) M-mode N2 0.62
Ejection Fraction(EF) Simpson 0.21 0.38
E/Aratio 0.34 0.17
End Diastolic Pressure(EDP) 0.23 0.34
EF from cardiac cath 0.22 0.38
Mean Pulmonary Pressure(MPA) 0.02 0.94
Qs/Qs 0.14 0.56
Rp/Rs 0.21 0.39
McGoon Index 0.09 0.71
Nakata Index 0.17 0.48
Hemoglobin level 0.35 0.14
Ventricular morphology(RV or LV) 0.07 0.78
Aortic valve regurgitation 0.03 0.92
MPI/BSA
MPA 0.66 * 0.003 *
Rp/Rs 0.68* 0.002 *
EF from cardiac cath
Fractional Shortening(FS): M-mode 053 * 0.02 *

* = significant (p value < 0.05)
MPI = Doppler Myocardial Performance Index

MPI/BSA= Doppler Myocardial Performance Index nf WuNRNe
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Linear Regression
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Figure 2. Correlation between Doppler myocardial performance index (MPI) and echocardiographic derived
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Linear tegression
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Figure 4. Correlation between echocardiographic derived fractional shortening (FS) and ejection fraction
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Discussion
The MPI is more effective for evaluation of
the global ventricular function than systolic or diastolic

1,2,4,6,17-19,21,22,25,26) |t iS not dependent

function alone.!
on geometric assumption, presence or absence
of systemic atrioventricular valve regurgitation,
heart rate, and preload condition. ®” The MPI has
gained widespread acceptance for the evaluation of
ventricular function in many circumstances such as
evaluation of adults with congestive heart failure before
and after treatment'?, ‘evaluation ‘the effect of
hypertension and its treatment ', evaluation of the
left ventricular dysfunction and the risk of heart failure

12 or gvaluation

in patients with myocardial infarction, ‘
of the right ventricular performance after myocardial
infarction. ¥ It may also be useful for evaluation
of restenosis after percutaneous transluminal
coronary angioplasty in patients with old myocardial

infarction. ™ MPI is found useful in the following cases;

(a) in pediatric population for assessment of fetal
ventricular function due to atypical orientation of fetal
cardiac structure "®, (b) detection of intrauterine
growth retardation or diabetic infant ", (c) assumption
of right ventricular function in congenital heart

6777 (d) estimation of postoperative

diseases
global ventricular function®, (e) predictor of moderate
rejection in pediatric cardiac transplantation''®,
(f) assessment of the severity and prognosis

19- 21) (

of idiopathic-dilated cardiomyopathy | o))
assessment of RV and LV functions in primary
pulmonary hypertension ®”, (h) evaluation of RV
dysfunction in patients with Ebstein’s anomaly (1)
evaluation of preoperative and postoperative
ventricular function in patients with single ventricular
physiology because of unusual morphology."”

The study demonstrates that children with a
functional single ventricle (SV) have high value of MPI

(0.48 + 0.15). The study of Williams RV, et al also
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showed the same trend of higher MPI'in SV physiology,
compared to normal population (0.67 + 0.14 Vs
0.39 + 0.10). " We also found that the MP! in single
ventricular physiology tended to increase with age.
The finding is different from the MPI in normal heart
population. In general, MPI decreases with age
until 3 year old, and the value will remain constant
afterward. " This finding supports the following ideas:
(a) alteration in hemodynamic state (prolonged volume
and pressure overload) and (b) chronic hypoxemia
might decrease ventricular function in single ventricular
physiology and cause a progressive depression of
ventricular function with time. Thus, these patients
should receive an early corrective surgery.

In reference to other researches, it was found
that the preload condition and the degree of AV valve
regurgitation had no significant effect on the
MPI. © 729 |n our study, seven patients with minimal
aortic valve regurgitation confirmed that no significant
difference of MPI. (r=0.026, p = 0.91). (Table 2) The
value of MPI alone could not definitely give all
information about global cardiac function in single
ventricular physiology as compared with EF from
cardiac catheterization. This might be because MPI
measures both systolic-and- diastolic function-while
EF from cardiac catheterization measures only systolic
cardiac function. The ratio of MPI to BSA shows a
significant correlation with important predictive factors
for successful Fontan operation such as mean
pulmonary arterial pressure and ratio of Rp/Rs. In the
interest of MPI/BSA tends to increase with increasing
mean PA pressure and Rp/Rs ratio. When this value
is greater than1.0, itis indicative for high PA pressure
greater than 15 mmHg. This may be an important

indicator for patients, who need early Fontan operation.
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Therefore, if a child with single ventricular physiology
has MPI/BSA greater than 1.0, the patient must
urgently undergo cardiac catheterization to measure
pulmonary artery pressure.

In addition, we conclude that true cardiac
function in children with single ventricular physiology
could not be definitely determined by standard
conventional echocardiographic method except only
by the fractional shortening (FS), which determined

from M mode echocardiography.

Study limitation

Limitation of the study was the lack of an
accepted gold standard of single ventricular
function. By the reason of, the angiographic and
echocardiographic ejection was limited by assumption
regarding ventricular morphology and the point
of ventricular function assessment from cardiac
catheterization determined only systolic function. We
need more sample size of children with SV physiology

for establish a good significant correlation.
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