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Abstract The aim of the study was to evaluate the left
ventricular systolic function of newborns with asphyxia
using tissue Doppler imaging (TDI). Newborns with a
history of asphyxia were divided into severe and mild
groups based on their Apgar scores; normal newborns
without asphyxia served as the controls. Left ventricular
ejection fraction (LVEF), fraction shortening (FS), and
stroke volume (SV) were measured by M-mode echocar-
diography at 24, 48, and 72 h after birth. The peak systolic
velocity of the anterior mitral valve leaflet (Sm wave) was
measured with TDI. Cardiac troponin I (CTnl) was mea-
sured. The results revealed that the LVEF and FS of the
severe asphyxia group at 24 h were significantly lower than
those at later time points (P < 0.01). These parameters
were also significantly lower than those of the mild and
control groups (P < 0.01). SV was not significantly dif-
ferent among the three groups. Sm wave of asphyxia
groups was significantly lower than that of control group
(P < 0.001). In the severe asphyxia group, Sm wave at
24 h was significantly lower than that at 48 or 72 h
(P < 0.001). CTnl values of the severe asphyxia group
were remarkably higher than those of the other two groups
(P < 0.01). The findings of this study indicate decreased
left ventricular systolic function of newborn children after
asphyxia. Sm by TDI is a more sensitive indicator of left
ventricular systolic function than LVEF, FS, or SV by M-
mode echocardiography.
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Asphyxia is a serious problem presented during the neo-
natal period. It was estimated that in 2001 complications
such as asphyxia and birth trauma accounted for 29% of
neonatal mortality [3]. The death toll reaches about
1 million newborns per year [11]. In China, neonatal
asphyxia is one of the main causes of perinatal death, with
an incidence ranging from 4.7 to 8.9% [6]. Asphyxia can
impact organ systems such as the cardiovascular system,
brain, liver, kidney, and gastrointestinal tract. Cardiovas-
cular malfunction occurs often, which in turn can
compromise the function of other organs and lead to irre-
versible sequels. Therefore, it is imperative to accurately
and objectively assess the cardiac function in asphyxial
newborns. Color Doppler echocardiography has been used
to evaluate cardiac function of newborns after asphyxia.
Parameters used in clinical practice include left ventricular
ejection fraction (LVEF), cardiac output (CO), left ven-
tricular pre-ejection period/left ventricular ejection time
(LPEP/LVET), right ventricular pre-ejection period/right
ventricular ejection time (RPE/RVET), left ventricular
acceleration time/left ventricular ejection time (LVAT/
LVET), right ventricular acceleration time/right ventricular
ejection time (RVAT/RVET), mitral value early diastolic
peak flow velocity (E), mitral value late diastolic peak flow
velocity (A), tricuspid value early diastolic peak flow
velocity (E), and tricuspid value late diastolic peak flow
velocity(A) [5, 15]. While tissue Doppler imaging (TDI)
has not been reported as a method of evaluating cardiac
function after neonatal asphyxia, this study addresses the
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use of TDI and M-mode echocardiography in accessing
cardiac function of neonates with a history of asphyxia.

Materials and Methods
Patients

Sixty two full-term newborns with histories of asphyxia
were selected from the Department of Pediatrics, Jin Hua
Hospital, from October 2003 to December 2005. Newborns
with a history of asphyxia were divided into severe and
mild groups based on their Apgar scores at 1 min. The
severe asphyxial group (31 cases; Apgar scores <3)
included 17 males and 14 females. Of the 31 severe cases,
9 patients presented with tachypnea and respiratory dis-
tress; 7 with edema of both lower limbs, ochrodermia, and
chills in all extremities; and 11 with ECG changes
including occasional premature ventricular contraction in 4
cases and depressed ST-T in 7 cases. Of the 31 mild
asphyxia cases (Apgar 4-7), 12 were males and 19 females.
Five of the cases presented transient tachypnea and another
with transient lower ST-T. Thirty normal full-term new-
borns (13 male, 17 female) were also recruited from the
newborn nursery of the Department of Obstetrics at the
same hospital during the study period. There were no sig-
nificant differences in birth weight, gender, or gestational
age among the three groups. Control members displayed no
cardiac malformations detectable by ultrasonograph. The
study was approved by the hospital’s internal review board,
and written informed consent was obtained from the par-
ents of all subjects.

Procedures

Newborns were asleep or lightly sedated by oral adminis-
tration of chloral hydrate (0.5 ml/kg) for all examinations.
Patients were monitored by the NICU staff at the same
time. An HP5500 color Doppler echocardiography diag-
nostic apparatus (Hewlett Packard, Palo Alto, CA, USA)
was used, at 5-MHz feeler frequency. Left ventricular
systolic functional indexes such as left ventricular ejection
fraction (LVEF), fractional shortening (FS), and stroke
volume (SV) were detected at 24, 48, and 72 h after birth
using M-mode echocardiography based on the left ven-
tricular end-diastolic diameter and the left ventricular end-
systolic diameter. TDI mode was then applied to measure
the peak systolic velocity of the anterior mitral valve leaflet
(Sm) through an apical four-chamber view. The mean
value of three measurements was used for calculation.
Two-milliliter blood samples were taken before each
echocardiography, and CTnl levels were determined by the
chemiluminescence method as described [2]. All
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equipments and reagents were purchased from Beckman
Instruments, Inc. (Fullerton, CA, USA).

Statistical Analysis

All data are expressed as mean & SE. Analysis of variance
(ANOVA) was used to compare the data among the three
groups or three time intervals. When significance of the
above comparison was identified, post hoc testing was used
to further determine the difference between two individual
groups. SPSS10.0 software was used. P < 0.05 is defined
as statistically significant. Correlation between two valu-
ables was calculated using the Pearson product-moment
correlation method.

Results
LVEEF Is Reduced at 24 h in Newborns with Asphyxia

LVEF measurements were taken from newborns with severe
and mild asphyxia as well as the control group at 24, 48,
and 72 h after birth. As shown in Fig. 1, at 24 h after birth,
the LVEF of newborns with severe asphyxia was
62.00 £ 3.67%, which was significantly lower than that of
the same group at 48 and 72 h (65.72 = 4.76% and
64.8 &+ 5.47%, respectively; P < 0.01). The value at this
time period was also significantly lower than that of the mild
asphyxial (64.04 £ 7.05%) and control (68.01 £ 8.23%;
P < 0.01) groups. However, no difference was noted
between newborns with mild asphyxia and the control group
at 24 h or among the three groups at 48 and 72 h (P > 0.05),
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Fig. 1 The effect of asphyxia on LVEF. Echocardiography was
performed in study subjects at 24, 48, and 72 h after birth as described
under Materials and Methods. Data presented as mean & SE for each
group (n = 31 for severe and mild asphyxia groups, n = 30 for
control group). * P < 0.01 compared to control group
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indicating a recovery of LVEF after 2 days of management
in NICU.

FS Is Reduced Only in Patients with Severe Asphyxia
at an Early Stage

Next, we measured the FS in all patients at the three time
intervals after birth (Fig. 2). At 24 h, the FS measurements
were 31.58 + 3.32%, 32.03 + 4.82%, and 34.87 £ 5.79%,
for the severe asphyxial, mild asphyxial, and control groups,
respectively. Results demonstrated statistical significance
of FS among the three groups at 24 h (P < 0.01). Further
calculation revealed a difference between the severe
asphyxial and the control group (90% of control). There was
no significant difference in FS between patients with mild
asphyxia and the control group at 24 h. As in LVEF, by
48 h this difference was no longer present among the three
groups, and no difference was noticed at the 72-h time point
either (P > 0.05).

No Change in SV in Newborns with Asphyxia

Although there was a trend toward a decrease in SV in
newborns with asphyxia at 24 h (6.25 £ 0.24 ml in severe
and 6.26 + 0.23 ml in mild asphyxia), in comparison to
the control group (6.77 &+ 0.27 ml), no statistic significant
difference was detected (P = 0.25). No significant differ-
ence was noticed among the three groups at the intervals of
48 and 72 h (P = 0.14 and P = 0.08 respectively), as
indicated in Fig. 3, implying that SV may be a less sensi-
tive parameter for assessing cardiac function in newborns
with asphyxia.
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Fig. 2 FS is reduced only in newborns with severe asphyxia at early
time points. FS values for the three groups were determined as
described under “Materials and Methods”. Data presented as
mean + SE for each group (n = 31 for severe and mild asphyxial
groups, n = 30 for control group). * P < 0.01 compared to control

group
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Fig. 3 SV is not changed among the three groups. Data were
collected in the same way as for Figs. 1 and 2 and are presented as
mean *+ SE for each group (n = 31 for severe and mild asphyxial
groups, n = 30 for control group)

TDI Sm Is Decreased in Patients with Asphyxia

The Sm wave was determined for all groups at different times
after birth. The control group showed 6.45 % 0.14,
6.18 = 0.14, and 6.46 £ 0.15 cm/s at 24, 48, and 72 h,
respectively. As clearly illustrated in Fig. 4, the asphyxial
groups had significantly lower Sm values than the control
group at 24 h (61 and 75% of control), 48 h (85 and 80% of
control), and 72 h (77 and 78% of control), indicating a
sustained effect. Also notable is the observation that at 24 h
children with severe asphyxia demonstrated a significantly
lower Sm than the group with mild asphyxia (3.92 + 0.07%,
and 4.87 £ 0.13%, respectively; P < 0.001). However, this
variation was not noticed at the 48- or 72-h time periods
(P > 0.05).
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Fig 4 Sm is decreased in patients with asphyxia. Sm was determined
using TDI mode. Data presented as mean + SE for each group
(n = 31 for severe and mild asphyxial groups, n = 30 for control
group). ¥ P < 0.001 compared to control group
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Fig. 5 Serum CTnl levels of asphyxial and control patients. Sera
were collected at 24, 48, and 72 h after birth. CTnl levels were
measured by the chemiluminescence method as summarized under
“Materials and Methods”. Data presented as mean + SE for each
group (n = 31 for severe and mild asphyxial groups, n = 30 for
control group). * P < 0.001 compared to control group

Change of Serum CTnl Levels in Patients with

Asphyxia

Sera from all subjects at different time points were col-
lected for determination of CTnl levels. As shown in
Fig. 5, CTnl was highest in newborns with severe asphyxia
at 24 h (0.59 + 0.08 ng/ml), which is 12- and 30-fold
higher than that of newborns with mild asphyxia and the
control group, indicating acute cardiac ischemia as result of
the asphyxia. This value decreased to 0.15 £ 0.03 and
0.04 = 0.01 ng/ml, respectively at 48 and 72 h. Nonethe-
less, these values were still significantly higher than those
of newborns with mild asphyxia and the control group
(0.023 and 0.015 ng/ml for control group at 48 and 72 h).
No significant difference was detected between mild
asphyxial and control groups throughout the three time

Fig. 6 Correlation of Sm with
CTnl and of Sm with FS. The
values of Sm vs. CTnl and Sm
vs. FS for each subject at 24 h
were plotted with Sm on the Y
axis, and CTnl and FS on the X
axes. Correlation coefficients
were calculated using Pearson
product-moment correlation
method. P = 0.0001 and

P = 0.03 for Sm vs. CTnl and
Sm vs. FS, respectively
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intervals, indicating that CTnl is probably a less sensitive
parameter of cardiac malfunction in newborns with a his-
tory of asphyxia.

Correlation of Sm with CTnl and of Sm with FS

The correlation between Sm and CTnl, as well as between
Sm and FS, was calculated based on individual values at
the 24-h time period among all subjects (Fig. 6). Sm
showed a better correlation (negatively) with CTnl, with a
correlation coefficient of —0.713, than with FS, with cor-
relation coefficient of 0.302. The data indicate that Sm is a
better parameter than FS to reflect ischemic change of the
left ventricle after asphyxia.

Discussion

Severe hypoxemia and acidosis induced by asphyxia during
delivery may lead to multiorgan malfunction. The heart is
often affected, which results in reduction of left ventricular
systolic function and cardiac output [4, 16]. Mild cases of
cardiac involvement are manifested as transient cardiac
dysfunction, while severe cases may develop heart failure.
Cardiac abnormalities other than asphyxia may present
with similar clinic manifestations, resulting in difficulty in
pinpointing the diagnosis. It is usually difficult, if not
impossible, to make a correct judgment regarding cardiac
function based on clinical presentation alone. Echocardi-
ography may provide a more sensitive modality to detect a
defect of left ventricular function in newborns with
asphyxia [10, 12]. M-mode echocardiography is widely
used and can reflect cardiac systolic function more accu-
rately. Our data, similar to what has been published
previously, show a significant reduction of LVEF and FS in
the group with severe asphyxia at 24 h after birth. How-
ever, these parameters are still within normal range ( >50
and >30%, respectively). This may be due to patients’
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recovery of cardiac function in the first 24 h after vigorous
resuscitation and clinical management thereafter. However,
a sustained elevation of CTnl is still present in these
patients.

TDI was initially introduced by McDicken and
coworkers in 1992 [8]. According to the principle of
Doppler, the reflected Doppler signal correlates with the
movement of cardiac tissue and the velocity of the blood-
stream. Optimal signals are collected using a low-pass filter
and adjusting the level of enhancement. A proper threshold
is defined, which is followed by autocorrelation, speed
calculation, and color-coding. Real-time information
regarding the movement of cardiac tissue is then displayed
after digital-to-nalog conversion. The Sm wave of mitral
annulus is created by movement of the mitral annulus
toward the ventricle during left ventricular contraction. Sm
gives the estimation of the global systolic function of the
left ventricle. TDI has been widely used as a robust and
reproducible echocardiographic tool for assessing cardiac
function in adults, especially to show segmental changes in
cardiac function and to avoid the disadvantages of obser-
ver-dependent interpretation [1, 7]. However, to the best of
our knowledge, its use to assess cardiac function in neo-
natal asphyxia has not been reported.

The reduced Sm wave of patients in the current study
suggests compromised left ventricular systolic function in
newborns with asphyxia, particularly at the earlier time
interval (24 h). The Sm wave has the advantage of direct
detection of the velocity of cardiac muscle movement, and
illustrates the irrelevancy of mechanical systolic movement
of cardiac muscle fiber to the heart rate and ventricular pre-
and postload. In newborns with asphyxia, infarction of
papillary muscles causes anoxic necrosis of cardiac mus-
cles, which in turn leads to functional disorder of the mitral
valve, requiring a long recovery time [9]. This may explain
why the Sm wave was significantly depressed in asphyxial
patients up to 72 h after birth, while LVEF and FS had
recovered by that time. Asphyxia had no evident effect on
SV; this is probably due to the fact that cardiac muscle
injury and decreased left ventricular contractility are
mainly mediated by anoxia and acidosis [14]. As resusci-
tation starts, anoxia and acidosis are corrected, which
results in increased heart rate and cardiac output [13]. The
end point of this process is the rapid recovery of cardiac
blood-pumping function, which is reflected by the nor-
malized LVEF and FS.

Myocardial cells are the only source of CTnl; there-
fore, its change can specifically reflect cardiac muscular
impairment. However, CTnl does not directly correlate
with cardiac contractility. CTnl in serum peaks at 24 h
before falling gradually to baseline around 7 days after
birth [17]. Data presented here show that the CTnl and

TDI Sm wave change in parallel in patients with
asphyxia.

In summary, our study has demonstrated that left ven-
tricular systolic function decreases in newborns with
asphyxia as measured by M-mode echocardiography and
TDI. TDI Sm is more sensitive than the parameters of M-
mode echocardiography (LVEF, FS, SV) for evaluating left
ventricular systolic function. Therefore, TDI may provide
earlier diagnostic values in assessing cardiac function of
newborns with a history of asphyxia.
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