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ORIGINAL ARTICLE

Right ventricular myocardial performance index (Tei) in
premature infants

Eliane Lucas®? ®, Carmem Lucia Ribeiro?
Rosane Reis de Mello*?

, Nathalie Jeanne Bravo-Valenzuela® ®, Edward Araujo Junior*>* ©,

SUMMARY

OBJECTIVE: The objective of this study was to evaluate the right ventricular myocardial performance index) based on echocardiography in very low
birth weight premature neonates, close to hospital discharge.

METHODS: This was a prospective cross-sectional study that included premature neonates with birth weight <1,500 g and gestational age <37
weeks at the Intermediate Neonatal Unit of Bonsucesso Federal Hospital from July 2005 to July 2006. The infants underwent two-dimensional
color Doppler echocardiography, being the right ventricular myocardial performance index evaluated close to hospital discharge. We compared the
neonatal and echocardiographic variables in neonates with and without bronchopulmonary dysplasia.

RESULTS: A total of 81 exams were analyzed. The mean birth (standard deviation) weight and gestational age were 1,140 (235) g and 30 (2.2) weeks,
respectively. The incidence of bronchopulmonary dysplasia was 32%. The mean right ventricle myocardial performance index (standard deviation) of
the sample was 0.13 (0.06). We found a significant difference in aortic diameter [non-bronchopulmonary dysplasia 0.79 (0.07) vs. bronchopulmonary
dysplasia0.87 (0.11) cm, p=0.003], left ventricle in diastole [non-bronchopulmonary dysplasia 1.4 (0.19) vs. bronchopulmonary dysplasia 1.59 (0.21)
cm, p=0.0006], ventricular septal thickness [non-bronchopulmonary dysplasia 0.23 (0.03) vs. bronchopulmonary dysplasia 0.26 (0.05) cm, p=0.032],
and “a” measurement [(= sum of the isovolumetric contraction time, ejection time, and isovolumetric relaxation time) when calculating the myocardial
performance index (p=0.01)].

CONCLUSION: Higher “a” interval in neonates with bronchopulmonary dysplasia suggests right ventricle diastolic dysfunction. We conclude that the
right ventricle myocardial performance index is an important indicator both of ventricular function and for serial follow-up testing of very low birth
weight premature neonates, especially those with bronchopulmonary dysplasia.
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INTRODUCTION

estimate the presence of PH, thereby aiding the proper man-

Despite tremendous technological progress and new practices
in handling very low birth weight (VLBW) neonates, broncho-
pulmonary dysplasia (BPD) is still a major complication, due
to its high morbidity and mortality, principally in the first 2
years of life'. In 1995, Fanaroff et al.? reported BPD in 51% of
neonates weighing from 501 to 750 g and 35% of those from
751 to 1,000 g. BPD, especially in the severe form, can evolve
with cardiovascular complications such as right ventricular
dysfunction associated with pulmonary hypertension (PH).
Right ventricle (RV) dysfunction can increase the mortality
rate to 39% in these patients®. It is thus recommended to per-

form cardiologic evaluation and routine echocardiography to

agement of these infants®.

In the past 20 years, echocardiography has proven to be
an important tool for anatomical diagnosis of congenital and
acquired cardiopathies, in addition to allowing systolic and
diastolic functional evaluation of both ventricles. In special
situations such as the absence of tricuspid valve regurgitation
on color Doppler mapping, as well as alterations in heart rate
and RV geometry, it is sometimes difficult to achieve morpho-
functional assessment of the RV in PH when using traditional
parameters to perform echocardiographic measurements’.

In 1995, a new echocardiographic measurement, known

as the myocardial performance index (MPI or Tei index), was
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Right ventricle myocardial performance index in preterm infants

developed, which measures time intervals using Doppler and
allows for estimating global ventricular performance®. Several
studieson children have shown its value as a sensitive indica-
tor of the presence of left and right ventricular dysfunction’.
This measurement has been considered operator-friendly and
reproducible and has advantages over traditional measure-
ments since it is not altered by variations in heart rate or ven-
tricular geometry.

Therefore, the objective of this study was to assess the RV
function in VLBW newborns with and without BPD using
the RV MPI, close to hospital discharge.

METHODS

This study protocol was approved by the Research Ethics
Committee of Bonsucesso Federal Hospital (n° 23/05) and
the National Institute of Women, Children and Adolescents
Health Fernandes Figueira/Oswaldo Cruz Foundation (IFF/
FIOCRUZ) (n° 045/065). This was a prospective cross-sec-
tional study carried out at an Intermediate Neonatal Unit
(INU) of Bonsucesso Federal Hospital from July 2005 to July
2006. The inclusion criteria were prematurity (gestational age
(GA) <37 weeks), birth weight <1,500 g, and patients whose at
least one of the parents or legal guardians has provided written
informed consent. Neonates admitted to the INU from other
units and more than 3 days old were excluded, as were those
with thoracic or diaphragmatic malformations or congenital
cardiopathies. The study sample was divided into two groups,
namely, newborns with and without BPD.

Gestational age was calculated based on the last menstrual
period (LMP), and when this date was unknown, it was calcu-
lated based on the early obstetric ultrasound, which was per-
formed up to 18 weeks of gestation. When neither of the above
was available, GA was estimated by the new Ballard method!’.
Adequacy of birth weight for GA was classified as adequate
for GA (AGA), small for GA (SGA), and large for GA (LGA)
based on the Lubchenco classification!!. BPD was defined as
the use of oxygen therapy for 28 days or longer?.

The echocardiogram was performed using two-dimensional
color Doppler (Philips EnVisor C HD model, sector trans-
ducer 213504, 5 MHz, 400 filter, with speeds of 50 and 100
ms). Images were stored in digital format in HD and CD for
subsequent analysis. Echocardiography was performed once by
the same examiner (EL) when the patient was clinically and
hemodynamically stable, without the need for oxygen, close
to hospital discharge. The mean of three measurements was
taken for each echocardiographic parameter. A single pediatric
cardiologist (EL), blinded to the newborns’ clinical data, used
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a high-resolution echocardiography machine. Patients under-
went echocardiography without sedation and with continuous
electrocardiographic monitoring.

The echocardiographic parameters by the M mode included
the left ventricular systolic and diastolic diameters (LVs and
LVd), RV, left atrium (LA), aorta (AO), ventricular septal thick-
ness (VST), and posterior wall of the left ventricle (P°W). The
Doppler method was used to acquire the following measure-
ments: calculation of systolic pressure (SAP) estimated by tri-
cuspid regurgitation, analysis of the pulmonary systolic flow
curve, and RV MPL. We estimated pressure gradient values using
the Bernoulli equation (AP=4 V?, where P=pressure gradient
and V=maximum velocity of the flow curve).

To calculate the RV MPI, we obtained the RV inlet tract
(tricuspid valve) and outlet tract curves. Measurement “a” cor-
responds to the time interval between the end and beginning
of RV flow, which equals the sum of the isovolumetric con-
traction time (ICT), ejection time (ET), and isovolumetric
relaxation time (IRT). Measurement “b” corresponds to the
ejection time (ET) of the RV outlet tract. As the Tei index is
calculated according to the formula ICT + IRT/ET, one must
subtract “b” from “a” and divide by “b” (= a-b/b). The size of
the Doppler sample volume was standardized at 2 mm to obtain
the time intervals, and the means were calculated for at least
five consecutive cardiac cycles.

To calculate the sample size, considering an altered RV
MPI rate of 3% for the age bracket, 95% confidence interval,
and 3% precision, the necessary sample size was 56 infants.

The maternal and neonatal variables were described through
frequency measurements and means, medians, and respective
standard deviations (SDs). We used statistical tests for differ-
ences between means and proportions, Student’s t-test/F-sta-
tistic, and Fisher’s exact test, respectively. The statistical signif-

icance level for comparisons was set at 5%.

RESULTS

A total of 84 preterm newborns with GA <37 weeks and birth
weight <1,500 g were admitted to the INU. We excluded two
neonates with congenital pulmonary malformations and one
newborn aged more than 3 days and was transferred from
another hospital unit. Therefore, the final sample size was
81 newborns.

Regarding gender, 34 newborns (42%) were male and
47 (58%) were female. Of the entire sample, 49 (60.5%)
were AGA and 32 (39.5%) were SGA, with no LGA preterm
newborn. Birth weight was distributed as follows: <750 g: 2
(2.5%), 750-999 g: 22 (27.5%), 1,000-1,249 g: 24 (29.6%),
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and 1,250-1,499 g: 33 (40.7%). Birth weight ranged from
575 to 1,495 g, with a mean of 1,140+235 g (median: 1,142
g). The mean GA was 30+2.2 weeks (median: 30 weeks). For
31 cases (40%), it was not possible to estimate GA accord-
ing to the LMP.

Regarding postnatal complications, 47 newborns (58%)
had hyaline membrane disease, and surfactant was used in 46,
corresponding to 56.8% of the total sample. Mechanical ven-
tilation was required in 53 newborns (65.4%), and the mean
time (SD) and the median were 14.9 (18.9) days and 5.5
days, respectively. Nasal continuous airway positive pressure
(CPAP) was required in 69 (85.1%), for a mean time (SD) of
5.9 (6.8) days and a median of 3.0 days. Oxyhood was used
for a mean (SD) of 3.1 (3.9) days and a median of 2.0 days,
and oxygen catheter was used for a mean (SD) of 7.1 (11.7)
days and a median of 1.5 days. The total oxygen time ranged
from 4 to 120 days, with a mean (SD) of 24.7 (28.6) days and
a median of 9.0 days.

Of note, 26 infants (32%) met the diagnostic criteria for
BPD, 19 of which were classified as moderate. No neonate
was classified as severe. The infants were distributed with and
without BPD, based on birth weight brackets, and 18 (69%)
of the neonates with BPD were born weighing <1,000 g. Time
on mechanical ventilation and total O, demand in the BPD
group were higher compared to the group without BPD (SD)
[23.6 (20.9) vs. 4.1 (4.7) days and 59.0 (23.4) vs. 7.2 (1.1)
days, respectively].

Newborns with BPD showed statistically significant differ-
ences in weight and GA on the exam date compared to those
without BPD (SD) [1,643 (113) vs. 1,991 (352) g (p= 0.001)
and 34.5 (2.2) vs. 38.2 (3.3) weeks (p=0.001), respectively].

Table 1. Echocardiographic measurements of neonates (n=81) admitted

Patent ductus arteriosus was found in 18 newborns (22.2%),
and surgical closure was indicated in 9. Septicemia confirmed
by positive blood culture occurred in 15 cases (18.5%).

Table 1 shows the analysis of the echocardiographic values
of the 81 children in the sample. Table 2 shows that the diam-
eters of the aorta, left ventricle in diastole, ventricular septum,
and posterior wall in diastole were also significantly higher in
the BPD group. There was no significant difference between
the two groups in terms of RV and LA diameters.

Evaluating the ventricular septal excentricity index, no
alteration was observed in the study sample. Doppler map-
ping analysis of the right atrioventricular valve identified only
9 (11%) newborns with mild tricuspid regurgitation. The mean
RV MPI (SD) was 0.13 (0.06), and no statistically significant
difference was observed in this value when comparing neonates
with and without BPD (Table 2).

Considering the measures comprising the MPI separately,
at the time of the echocardiograph exam (Table 3), we observed
that there were no differences in the “b” measurement but a sta-
tistically significant difference in the “a” measurement between
the two groups (BPD vs. non-BPD).

DISCUSSION

BPD is a complex disease and extensively studied in the litera-
ture'>'. However, with technological advances and improved
perinatal care, the incidence of severe BPD has decreased, and
“new BPD” is now the most common presentation’®. Some

authors have shown that 20-25% of newborns with BPD can

Table 2. Echocardiographic measurements of neonates without and
with bronchopulmonary dysplasia admitted to the Intermediate
Neonatal Unit.

to the Intermediate Neonatal Unit. Echocardiographic N&':ESP)D (:522) Elre

[echocardogapicpmaner | o | 5o [ vt e 01 | M8
LA (cm) 0.82 0.09 LA (cm) 0.85(0.14) 0.90(0.17) 0.23
AO (cm) 0.86 0.15 AQO (cm) 0.79(0.07) 0.87(0.11) 0.003
Lvd (cm) 146 0.21 Lvd (cm) 1.40(0.19) 1.59(0.21) 0.0006
LVs (cm) 0.86 0.15 LVs (cm) 0.84(0.15) 0.91(0.13) 0.053
RV (cm) 0.66 0.14 RV (cm) 0.65(0.13) 0.68(0.16) 0.392
VST (cm) 0.24 0.04 VST (cm) 0.23(0.03) 0.26(0.05) 0.032
PWT (cm) 0.23 0.03 PWT (cm) 0.22(0.03) 0.25(0.04) 0.01
“a” measurement (ms) 215 15 “a” measurement (ms) 213 (14) 221(17) 0.03
“b” measurement (ms) 189 14 “b” measurement (ms) 189 (13) 191 (15) 041
RV MPI 0.13 0.06 RVMPI 0.12 (0.05) 0.14 (0.0¢) 0.23

LA: left atrium; AO: aorta; SD: standard deviation; LVd left ventricle in
diastole; LVs: left ventricle in systole; RV: right ventricle; VST: ventricular
septal thickness; PWT: posterior wall thickness.

LA: left atrium; AO: aorta; BPD: bronchopulmonary dysplasia; SD: standard
deviation; LVd: left ventricle indiastole; LVs: left ventricle in systole; RV: right
ventricle; VST: ventricular septal thickness; PWT: posterior wall thickness.
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present cardiac involvement, and a significant portion can evolve
to PH'". During the clinical follow-up of these infants, car-
diac assessment is of the most importance, orienting adequate
treatment with diuretics and vasodilators, the prolonged use of
which can have adverse effects on these VLBW infants’. In our
study, we observed that 11% of newborns with BPD evolved
to PH with a higher prevalence of cardiac involvement related
to RV diastolic dysfunction.

The prevalence of BPD in our study was 32%. Of these,
76% were O ,-dependent with 36 weeks of GA corrected at
the moment of evaluation and classified as moderately severe.
The morphometric data of the newborns in this study were
within the normal range for GA'. Comparing the groups with
and without BPD, there was a statistically significant differ-
ence in the aorta, left ventricle in diastole, ventricular septal
thickness, and posterior wall. This finding can be attributed to
the fact that newborns with BPD require more time on oxy-
gen therapy, presenting higher corrected GA and weight com-
pared to those without BPD, reflected in the measurements of
the cardiac cavities. There was no statistically significant differ-
ence between the two groups in the RV and LA measurements.

Color Doppler mapping of the study sample identified
only three cases of mild tricuspid regurgitation, absence of
RV hypertrophy, and no case of alteration in the ventricular
septal excentricity index, showing that in these 81 neonates,
there were no signs of PH as evaluated by the traditional echo-
cardiographic methods.

MPT has been used for predicting perinatal morbidity and
mortality in fetuses of pregnant women with diabetes mellitus,
fetal growth restriction, and twin-to-twin transfusion syndrome.
This study satisfactorily measured the RV MPI in newborns,
confirming the reports in the literature that this is a simple and
user-friendly method®*?'. In this study, the mean value of this

Table 3. Characteristics of the study sample based on the right ventricle
myocardial performance index (RV MPI) values.

MPI<0.24 MPI>0.24
Variable n=76 n=5 p-value
Mean (SD) Mean (SD)
Birth weight (g) 1,149 (237) | 1,103(278) >0.05
Gestational age (days) 209 (17.1) 208 (15.8) >0.05
Weight at exam (g) 1,739 (245) 1,941 (498) >0.05
Corrected GA (weeks) 35.5(2.6) 38.1(6.0) >0.05
Total O, time (days) 23.2(26.4) 45.2 (49.2) >0.05
Ventilation time (days) 14.6 (18.4) 19.7 (28.0) >0.05
‘a” measurement (ms) 215(15) 229 (12) 0.04
“b” measurement (ms) 191 (14) 179 (8) >0.05

SD: standard deviation; GA: gestational age.
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index (SD) was 0.13 (0.06), which is within the range reported
in the literature for infants born at term?. Ishii et al.” reported
mean RV MPI (SD) values of 0.24 (0.04), but their findings are
difficult to compare with our results because the authors stud-
ied normal children with ages ranging from 30 days to 18 years,
which were different from those of our sample. Malakan-Rad
and Momtazmanesh? studied neonates at term between 48 and
72 h after birth and found a mean RV MPI (SD) of 0.23 (0.14),
but again a comparison is difficult because the authors studied
neonates at term in an initial phase of life in which the RV MPI
presents higher values (as days pass, the pulmonary vascular resis-
tance decreases and these values tend to drop). Our study eval-
uated MPI in premature infants close to hospital discharge that
were clinically stable at the time of examination, with a mean
GA of 36 weeks corrected for prematurity.

Schmitz et al.” studied LV diastolic function in healthy
neonates and infants through mitral valve flow parameters.
They demonstrated that the isovolumetric relaxation time in
neonates is significantly prolonged compared to infants older
than 2 months. This may indicate that immature LV diastolic
function plays an important role in the severity of cardiopul-
monary complications in this age group. In our study, although
the values found in the “a” measurement (which includes the
isovolumetric relaxation and contraction times) showed a statis-
tically significant difference between neonates with and without
BPD, we cannot compare our results with the abovementioned
study because we evaluated not only the diastolic ventricular
function but also the global RV function.

The limitations of this study were the lack of long-term
postnatal follow-up about the applicability of MPI and the
absence of interobserver variability analysis.

In summary, from our data, we conclude that RV MPI is
an important indicator of combined ventricular function and
important for serial follow-up testing of VLBW neonates, espe-
cially those with BPD.
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