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Abstract

Background: Some of the severe diseases in the neonatal period lead to a myocardial injury that, if not detected promptly, would
affect prognosis. Detection of acquired myocardial injury in the early stages of the diseases may be possible with simultaneous
examination by echocardiography and determination of serum troponin I levels.
Methods: In this cross-sectional study, between December 2016 and December 2018, myocardial function of 60 (33 males, 27 females)
term neonates with a mean birth weight 3175.5 ± 441.18 grams who were at least 72 hours under ventilation, was studied using
conventional and tissue Doppler echocardiography and measuring serum troponin I levels by ELFA method.
Results: Mean and standard deviation of serum troponin I level, left and right MPI in neonates under study were 0.22 ± 0.64, 40.11
± 0.11, and 0.41 ± 0.13, respectively. The correlation coefficient between serum troponin I level related to right MPI was +0.502 (P
< 0.001) and left myocardial performance index was +0.524 (P < 0.001), and other criteria correlated to troponin I on right side of
heart were Em, Sm, TAPSE, TR gradient in patients with PH was related to troponin I levels (P < 0.001).
Conclusions: Serum level of troponin I is helpful in determination of right and left myocardial dysfunction especially in the pres-
ence of pulmonary hypertension in the neonates under mechanical ventilation.
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1. Background

Perinatal period is associated with important cardio
respiratory changes from intra uterine to extra uterine life
(1). This process can be complicated by severe congenital (2,
3) and systemic diseases (4-7). In advanced stages of some
systemic diseases such as asphyxia and sepsis, in neonatal
period, cardiac dysfunction has been documented and in
other patients exposed to hypoxia because of severe respi-
ratory distress, degrees of myocardial damage has been ob-
served (8-13). In addition to echocardiography that plays an
important role in the diagnosis of myocardial dysfunction
(14), the use of cardiac biomarkers can improve early diag-
nosis of cardiac dysfunction and helps timely applying of
supportive care (15-17). In very ill neonates, like those with
asphyxia, sepsis, or pneumonia, without considering the
kind of systemic disease, correlation of serumic troponin
I level and myocardial dysfunction can be helpful in the
early management without a need to further separating
them. Troponin is a cardiac enzyme that has been shown
to be a sensitive and specific marker for diagnosis of my-

ocardial damage (15).

2. Methods

This cross-sectional study, after being approved by
ethic committees of Hamadan University of Medical Sci-
ences, was performed between December 2016 and De-
cember 2018. Term neonates, who were under mechani-
cal ventilation more than 72 hours, were selected from the
NICU section of Be’sat and Fatemieh hospitals of Hamadan
city. This study was planned to evaluate severely ill pa-
tients with systemic disease that underwent mechani-
cal ventilation just to determine correlation of serumic
troponin level to echocardiographic myocardial function
criteria, thus Apgar score was no relevant variable. Ex-
clusion criteria were premature newborns and neonates
with primary cardiac and other congenital anomalies. Af-
ter taking written consent from their parents, measur-
ing serum troponin I level was performed using ELFA
method. Conventional and myocardial tissue Doppler ve-
locities echocardiography evaluations were performed us-
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ing pulse Doppler with a 2 - 2.5 mm sample volume and 50
to 75 mm depth by Vivid S6 and Mylab60 devices. In con-
ventional echocardiography with transmitral and transtri-
cuspid Doppler study, E (early diastolic) A (late diastolic)
wave velocities were evaluated in the diastolic phase of
right and left ventricles. The mean values of three heart
cycles were recorded. We examined systolic and diastolic
function on the left and right side of the heart with the
myocardial performance index (Tei index) with (a - b/b) for-
mulation, in which a is the time interval of the closure and
opening of atrioventricular valve and b is the ejection time
of semilunar valves. Tricuspid plane systolic excoriation
(TAPSE) was determined using tricuspid valve M-mode. In
the Doppler tissue velocities study of right and left ventri-
cles, Em (early diastolic myocardial wave), Am (late dias-
tolic myocardial wave), Em/Am, E/Em, and Sm (systolic my-
ocardial wave), were measured in three cardiac cycles and
the mean values were documented separately. We used
another factor for evaluating the diastolic function of the
left side of the heart using left atrial ejection force (LAEF)
with the following formula: 5 × p × MVA × (peak A ve-
locity) 2 (18, 19), where the constant p denotes the density
of blood, the MVA stands for mitral valve surface area and
A is the maximum amplitude of A wave in the left atrium
ejection phase, which were calculated in the echocardiog-
raphy (18). The data was analyzed by SPSS-16 software. The
descriptive information of qualitative data is presented in
table and ratio, and quantitative information as central in-
dex and distribution. Normality of data was estimated by
Kolmogorov-Smirnov. Non-parametric Spearman correla-
tion coefficient was used to determine the correlation be-
tween serum troponin level and the left and the right my-
ocardial function and left atrium ejection force. The confi-
dence level in this study was 95% and the significance level
0.05.

3. Results

Mean serumic troponin I level was 0.213±0.640 and in
18 (30%) patients it exceeded 0.15 ng/mL (150 ng/liter).

As shown in Table 1, serum level of troponin I was re-
lated to echocardiographic E/Em (P = 0.033) and MPI (P =
0.002) findings on the left heart.

In assessing the relationship between the myocardial
function criteria of the right heart, E/Em, Sm in tissue
Doppler study and TAPSE and RVMPI criteria in conven-
tional echocardiography had a significant correlation with
serum troponin I level (P < 0.05) (Table 2).

In 30 patients with TR who could be evaluated com-
pletely, a definite inverse relationship was found between
the gradient with troponin level (P < 0.001) and E/Em (P =

0.046) criterion on the right side and there was a direct re-
lationship between the gradient and the right indexes of
TAPSE (P = 0.007) and RVMPI (P = 0.009). 46.6% of patients
had RMPI higher than 0.4 and 45% of patients had LVMPI
higher than 0.4. There was no relationship between the
gradient and other indices and functional indices of the
left ventricle (P > 0.05). Troponin I level in seven (11.6%) pa-
tients who received vasopressor (1.14± 1.62 ng/mL) was sig-
nificantly higher than that in 53 (88.4%) patients who didn’t
receive vasopressor (0.091 ± 0.171 ng/mL) (P < 0.001).

4. Discussion

The high percentage of respiratory distress results in
the use of a mechanical ventilation and hospitalization
in the neonatal intensive care unit (5, 6). The use of me-
chanical ventilation improves oxygenation and reduces
CO2 with accurate management of respiratory distress (4,
20). But mechanical ventilation, like other treatments, is
not damage-free and can cause short and long term side ef-
fects (12). Some of these complications can be tracked and
some others can be minimized by taking appropriate mea-
sures (10, 14, 21). Although, the recognition of clinical risk
factors in early stages can improve the prognosis (12), se-
vere neonatal diseases with high morbidity and mortality
rate, can affect myocardial function with different mecha-
nisms (8, 11, 20, 22). Some degrees of cardiac involvement
in neonates are associated with an increase in cardiac tro-
ponin levels in serum (21, 23), measuring of which can be
employed in early diagnosis of cardiac involvement (9).
Echocardiographic markers (14, 24, 25) in addition to car-
diac biomarkers (16, 17) especially troponin (15, 26-28) can
be used to confirm these issues. The exact level of troponin
I and other cardiac biomarkers are not clearly determined
in neonates (21). Some authors suggest that infants on the
neonatal period more likely have higher troponin levels
than older pediatric groups without a more severe disease
(27). In our study mean serumic troponin I level was 0.213
± 0.640 (ng/mL) whereas in 30% of the patients its level
was > 0.15 ng/mL (150 ng/liter) being > 95% percentile for
the age (27). Most studies have shown a relationship be-
tween the amount of cardiac troponin levels and myocar-
dial damage due to hypoxia (17) and the reduction of coro-
nary blood flow (15, 16, 29). In our study, the neonates un-
der ventilator had severe and prolonged respiratory dis-
tress, and the elevation of troponin I level in serum was
related to echocardiographic myocardial dysfunction cri-
teria. In one study, consistent with this study, a significant
correlation was found between serum level of cardiac tro-
ponin and myocardial dysfunction (9). In the patients with
respiratory distress, compared to healthy infants, the av-
erage troponin T in sick infants was higher than in nor-
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Table 1. Relation Between Serum Levels of Troponin I and Left Myocardial Function Criteria

Left Sided Criteria Mean ± SD Troponin I (ng/mL), Mean ± SD Pearson Correlation P Value

E (cm/s) 54.1 ± 18.8 0.213 ± 0.640 0.102 0.436

A (cm/s) 56.18 ± 17.7 0.213 ± 0.640 -0.803 0.530

Em (cm/s) 6.55 ± 1.76 0.213 ± 0.640 -0.217 0.096

Am (cm/s) 6.03 ± 1.42 0.213 ± 0.640 0.013 0.921

E/A 0.9994 ± 0.313 0.213 ± 0.640 0.209 0.110

Em/Am 1.140 ± 0.364 0.213 ± 0.640 -0.200 0.126

E/Em 8.79 ± 4.13 0.213 ± 0.640 0.275 0.033

Sm 5.01 ± 1.25 0.213 ± 0.640 0.205 0.115

LVMPI 0.4 ± 0.11 0.213 ± 0.640 0.384 0.002

LAef 15.3 ± 10.4 0.213 ± 0.640 -0.116 0.377

Abbreviations: A, atrial (late diastolic wave); Am, atrial (late) diastolic wave; E, early diastolic wave; Em, early myocardial diastolic; LAEF, left atrial ejection force; MPI,
myocardial performance index; LVMPI, left ventricular myocardial performance index; Sm, systolic myocardial wave; TAPSE, tricuspid annular plane systolic excoriation.

Table 2. Relation Between Serum Levels of Troponin I and Right Myocardial Function Criteria

Right Sided Criteria Mean ± SD Troponin I (ng/mL), Mean ± SD Pearson Correlation P Value

E (cm/s) 51.5 ± 12.2 0.213 ± 0.640 0.185 0.157

A (cm/s) 59.7 ± 13.3 0.213 ± 0.640 0.075 0.567

Em (cm/s) 5.6 ± 1.75 0.213 ± 0.640 -0.161 0.219

Am (cm/s) 6 ± 1.81 0.213 ± 0.640 0.062 0.640

E/A 0.87 ± 0.17 0.213 ± 0.640 0.044 0.737

Em/Am 1.008 ± 0.395 0.213 ± 0.640 -0.209 0.108

E/Em 9.81 ± 2.98 0.213 ± 0.640 0.379 0.003

Sm 4.9 ± 1.4 0.213 ± 0.640 -0.289 0.025

RVMPI 0.41 ± 0.13 0.213 ± 0.640 0.358 0.005

TAPSE 6.3 ± 1.36 0.213 ± 0.640 -0.0278 0.032

Abbreviations: A, atrial (late diastolic wave); Am, atrial (late) diastolic wave; E, early diastolic wave; Em, early myocardial diastolic; LAEF, left atrial ejection force; MPI, my-
ocardial performance index; RVMPI, right ventricular myocardial performance index; Sm, systolic myocardial wave; TAPSE, tricuspid annular plane systolic excoriation.

mal infants and there was a correlation between troponin
T level and the need for use of inotropes and oxygen. In
the infants who survived, the duration of ventilation was
related to troponin levels (9). The mentioned study con-
cluded that troponin marker may be useful in determin-
ing the degree of morbidity in patients with respiratory
distress (9). This is similar to findings in asphyxia (30). In
the present study, we didn’t study morbidity (neurologic
sequels) and mortality rate of the patients. But there was a
positive and significant correlation between serum levels
of troponin I and the function of right myocardium which
was higher than that of left myocardium. Among the left
myocardial function criteria, E/Em, LVMPI, and among the
right myocardial function criteria, RVMPI, Sm, E/Em and
TAPSE had a significant relationship with troponin I level,
MPI is a systolic and diastolic shared criterion, E/Em a dias-

tolic criterion and S is a systolic ventricular function crite-
rion. Compared to other studies (31-33) in normal children
at this age, in our study the right heart criteria, especially
E/Em and Tei indices, were affected more than the other
criteria. The MPI and E/Em criteria in our study on both
the left and the right heart were related to the troponin
level, but compared with the normal neonates, abnormal-
ities of the right heart criteria were more than those of the
left side (31, 32). The relationship between these criteria,
the level of troponin and the increase of TR gradient in-
dicate that troponin and the right ventricular myocardial
function criteria in some patients are likely to be affected
by pulmonary hypertension (PH). As pulmonary hyperten-
sion affects right ventricular myocardial function (34), my-
ocardial dysfunction in the newborns under mechanical
ventilation could be exaggerated by PH distinguished by
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echocardiography (35). In two patients in our study, who
had the highest levels of troponin, PH and abnormalities
in right ventricular myocardial function criteria were dis-
tinct. It seems that in patients under ventilator and espe-
cially those with PH, the increased serum level of troponin
I should be taken into consideration. After perception of
troponin Importance in asphyxia (36), there are a few stud-
ies that show troponins (I and T) increase in congenital
heart disease (37) especially when complicated with PH
(38). Right ventricular biomechanics in the neonatal pe-
riod may be effective in cardiac biomarker rising in the
right heart problems (39). Right ventricular MPI as an im-
portant echocardiographic factor was elevated compared
with some previous studies on normal neonates (40), this
could be effected by the underlying problem (14). As res-
piratory and metabolic states of these patients were vari-
able, correlation of single troponin test and metabolic and
respiratory acidosis wasn’t possible. The effect of these on
serumic troponin level can be evaluated in future studies.
Further studies are recommended on patients with PH and
other patients especially those who need vasopressor ad-
ministration in neonatal period.

4.1. Conclusions
In newborns under mechanical ventilation, serum

level of troponin I helps to diagnose the right and left my-
ocardial dysfunction. It is more helpful in the presence of
pulmonary hypertension.

Acknowledgments

The authors would like to thank the Clinical Research
Development Unit (CRDU) of Be’sat Hospital, Hamadan
University of Medical Sciences, Hamadan, Iran for their
support, cooperation and assistance throughout the pe-
riod of study.

Footnotes

Authors’ Contribution: Study concept and design, draft-
ing of the manuscript, and statistical analysis: Asadolah
Tanasan and Fatemeh Eghbalian; analysis and interpreta-
tion of data and critical revision of the manuscript for
important intellectual content: Asadolah Tanasan, Fate-
meh Eghbalian, Mohammad Sabzehei, and Alireza Rastgoo
Haghi.

Conflict of Interests: The authors declared no conflict of
Interests.

Ethical Approval: IR.UMSHA.REC.1395.359.
Funding/Support: The study was funded by Vice Chan-
cellor for Research and Technology, Hamadan University of
Medical Sciences (No. 9509025028).

References

1. Hillman NH, Kallapur SG, Jobe AH. Physiology of transition from
intrauterine to extrauterine life. Clin Perinatol. 2012;39(4):769–83.
doi: 10.1016/j.clp.2012.09.009. [PubMed: 23164177]. [PubMed Central:
PMC3504352].

2. Brown KL, Ridout DA, Hoskote A, Verhulst L, Ricci M, Bull C. Delayed
diagnosis of congenital heart disease worsens preoperative condi-
tion and outcome of surgery in neonates. Heart. 2006;92(9):1298–302.
doi: 10.1136/hrt.2005.078097. [PubMed: 16449514]. [PubMed Central:
PMC1861169].

3. De Galan-Roosen AEM, Kuijpers JC, Meershoek APJ, van Velzen D. Con-
tribution of congenital malformations to perinatal mortality: A 10
years prospective regional study in The Netherlands. Eur J Obstet Gy-
necol Reprod Biol. 1998;80(1):55–61. doi: 10.1016/s0301-2115(98)00085-2.

4. Eghbalian F, Sabzehei MK, Emamzadeh N, Shokouhi M, Basiri B, Farad-
mal J, et al. Comparison of restricted fluid volume with standard fluid
volume in management of transient tachypnea of the newborns:
A randomized controlled trial. Int J Pediatr. 2018;6(9):8289–96. doi:
10.22038/ijp.2018.30462.2677.

5. Sabzehei MK, Basiri B, Shokouhi M, Fayyazi A. Causes and outcomes
of respiratory distress in neonates hospitalized in the neonatal in-
tensive care unit of Be’sat Hospital in Hamadan, Iran. Int J Pediatr.
2017;5(12):6253–60. doi: 10.22038/ijp.2017.25776.2198.

6. Sathenahalli V, Dwivedi D, Bajaj N, Singh H. Predictors of poor out-
come in neonates with respiratory distress. Int J Contemp Pediatr.
2016;3(1):76–9. doi: 10.18203/2349-3291.ijcp20160092.

7. Sweet DG, Carnielli V, Greisen G, Hallman M, Ozek E, Te Pas A, et
al. European consensus guidelines on the management of respira-
tory distress syndrome - 2019 update. Neonatology. 2019;115(4):432–
50. doi: 10.1159/000499361. [PubMed: 30974433]. [PubMed Central:
PMC6604659].

8. Abdel-Hady HE, Matter MK, El-Arman MM. Myocardial dysfunction
in neonatal sepsis: A tissue Doppler imaging study. Pediatr Crit Care
Med. 2012;13(3):318–23. doi: 10.1097/PCC.0b013e3182257b6b. [PubMed:
21725277].

9. Clark SJ, Newland P, Yoxall CW, Subhedar NV. Concentrations of
cardiac troponin T in neonates with and without respiratory dis-
tress. Arch Dis Child Fetal Neonatal Ed. 2004;89(4):F348–52. doi:
10.1136/adc.2002.025478. [PubMed: 15210673]. [PubMed Central:
PMC1721706].

10. Eghbalian F. A comparison of supine and prone positioning on
improves arterial oxygenation in premature neonates. J Neonatal
Perinatal Med. 2014;7(4):273–7. doi: 10.3233/NPM-14814049. [PubMed:
25468620].

11. Kanik E, Ozer EA, Bakiler AR, Aydinlioglu H, Dorak C, Dogrusoz
B, et al. Assessment of myocardial dysfunction in neonates with
hypoxic-ischemic encephalopathy: Is it a significant predictor of
mortality? J Matern Fetal Neonatal Med. 2009;22(3):239–42. doi:
10.1080/14767050802430834. [PubMed: 19330708].

12. Orsido TT, Asseffa NA, Berheto TM. Predictors of neonatal mortality in
neonatal intensive care unit at referral Hospital in Southern Ethiopia:
A retrospective cohort study. BMC Pregnancy Childbirth. 2019;19(1):83.
doi: 10.1186/s12884-019-2227-5. [PubMed: 30819143]. [PubMed Central:
PMC6396455].

13. Shekerdemian L, Bohn D. Cardiovascular effects of mechanical ven-
tilation. Arch Dis Child. 1999;80(5):475–80. doi: 10.1136/adc.80.5.475.
[PubMed: 10208959]. [PubMed Central: PMC1717913].

14. Matter M, Abdel-Hady H, Attia G, Hafez M, Seliem W, Al-Arman M.
Myocardial performance in asphyxiated full-term infants assessed
by Doppler tissue imaging. Pediatr Cardiol. 2010;31(5):634–42. doi:
10.1007/s00246-010-9661-5. [PubMed: 20143054].

4 Iran J Pediatr. 2020; 30(1):e93846.

http://dx.doi.org/10.1016/j.clp.2012.09.009
http://www.ncbi.nlm.nih.gov/pubmed/23164177
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3504352
http://dx.doi.org/10.1136/hrt.2005.078097
http://www.ncbi.nlm.nih.gov/pubmed/16449514
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1861169
http://dx.doi.org/10.1016/s0301-2115(98)00085-2
http://dx.doi.org/10.22038/ijp.2018.30462.2677
http://dx.doi.org/10.22038/ijp.2017.25776.2198
http://dx.doi.org/10.18203/2349-3291.ijcp20160092
http://dx.doi.org/10.1159/000499361
http://www.ncbi.nlm.nih.gov/pubmed/30974433
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6604659
http://dx.doi.org/10.1097/PCC.0b013e3182257b6b
http://www.ncbi.nlm.nih.gov/pubmed/21725277
http://dx.doi.org/10.1136/adc.2002.025478
http://www.ncbi.nlm.nih.gov/pubmed/15210673
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1721706
http://dx.doi.org/10.3233/NPM-14814049
http://www.ncbi.nlm.nih.gov/pubmed/25468620
http://dx.doi.org/10.1080/14767050802430834
http://www.ncbi.nlm.nih.gov/pubmed/19330708
http://dx.doi.org/10.1186/s12884-019-2227-5
http://www.ncbi.nlm.nih.gov/pubmed/30819143
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6396455
http://dx.doi.org/10.1136/adc.80.5.475
http://www.ncbi.nlm.nih.gov/pubmed/10208959
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1717913
http://dx.doi.org/10.1007/s00246-010-9661-5
http://www.ncbi.nlm.nih.gov/pubmed/20143054
http://ijp.tums.pub


Tanasan A et al.

15. Bojan M, Peperstraete H, Lilot M, Vicca S, Pouard P, Vouhe P. Early
elevation of cardiac troponin I is predictive of short-term out-
come in neonates and infants with coronary anomalies or reduced
ventricular mass undergoing cardiac surgery. J Thorac Cardiovasc
Surg. 2012;144(6):1436–44. doi: 10.1016/j.jtcvs.2012.05.034. [PubMed:
22704287].

16. Garg P, Morris P, Fazlanie AL, Vijayan S, Dancso B, Dastidar AG, et al.
Cardiac biomarkers of acute coronary syndrome: From history to
high-sensitivity cardiac troponin. Intern Emerg Med. 2017;12(2):147–55.
doi: 10.1007/s11739-017-1612-1. [PubMed: 28188579]. [PubMed Central:
PMC5329082].

17. Rajakumar PS, Bhat BV, Sridhar MG, Balachander J, Konar BC,
Narayanan P, et al. Cardiac enzyme levels in myocardial dys-
function in newborns with perinatal asphyxia. Indian J Pedi-
atr. 2008;75(12):1223–5. doi: 10.1007/s12098-008-0242-z. [PubMed:
19190877].

18. Manning WJ, Silverman DI, Katz SE, Douglas PS. Atrial ejection
force: A noninvasive assessment of atrial systolic function. J Am Coll
Cardiol. 1993;22(1):221–5. doi: 10.1016/0735-1097(93)90838-r. [PubMed:
8509545].

19. Shabanian R, Aboozari M, Kiani A, Seifirad S, Zamani G, Nahal-
imoghaddam A, et al. Myocardial performance index and atrial ejec-
tion force in patients with Duchenne’s muscular dystrophy. Echocar-
diography. 2011;28(10):1088–94. doi: 10.1111/j.1540-8175.2011.01515.x.
[PubMed: 21967284].

20. Fouzas S, Karatza AA, Davlouros PA, Chrysis D, Alexopoulos D, Man-
tagos S, et al. Neonatal cardiac dysfunction in intrauterine growth
restriction. Pediatr Res. 2014;75(5):651–7. doi: 10.1038/pr.2014.22.
[PubMed: 24522102].

21. Almeida CM, Carrapato MR, Pinto F, Pinto M, Ferreira S, Schmitt
D, et al. Biochemical markers of neonatal myocardial dys-
function. J Matern Fetal Neonatal Med. 2011;24(4):568–73. doi:
10.3109/14767058.2010.511334. [PubMed: 20822328].

22. Simovic AM, Prijic SM, Knezevic JB, Igrutinovic ZR, Vujic AJ, Kosutic JL.
Predictive value of biochemical, echocardiographic and electrocar-
diographic markers in non-surviving and surviving asphyxiated full-
term newborns. Turk J Pediatr. 2014;56(3).

23. Caliskan E, Doger E, Cakiroglu Y, Duman C, Turker G, Yucesoy I. Cord
blood cardiac troponin I and creatine kinase MB levels in poor neona-
tal outcomes. J Turkish-German Gynecol Assoc. 2006;7:98–102.

24. Nestaas E, Stoylen A, Brunvand L, Fugelseth D. Tissue Doppler de-
rived longitudinal strain and strain rate during the first 3 days of
life in healthy term neonates. Pediatr Res. 2009;65(3):357–62. doi:
10.1203/PDR.0b013e318193f149. [PubMed: 19391252].

25. Tanasan A, Zanjani KS, Kocharian A, Kiani A, Navabi MA. Right ventric-
ular myocardial tissue velocities, myocardial performance index, and
tricuspid annular plane systolic excursion in totally corrected tetral-
ogy of fallot patients. J Tehran Heart Cent. 2012;7(4):160–3. [PubMed:
23323076]. [PubMed Central: PMC3537205].

26. Apple FS, Sandoval Y, Jaffe AS, Ordonez-Llanos J; Ifcc Task Force
on Clinical Applications of Cardiac Bio-Markers. Cardiac tro-
ponin assays: Guide to understanding analytical characteristics
and their impact on clinical care. Clin Chem. 2017;63(1):73–81. doi:
10.1373/clinchem.2016.255109. [PubMed: 28062612].

27. Caselli C, Cangemi G, Masotti S, Ragusa R, Gennai I, Del Ry S, et al.
Plasma cardiac troponin I concentrations in healthy neonates, chil-
dren and adolescents measured with a high sensitive immunoassay

method: High sensitive troponin I in pediatric age. Clin Chim Acta.
2016;458:68–71. doi: 10.1016/j.cca.2016.04.029. [PubMed: 27118089].

28. Lopes DN, Ramos JM, Moreira ME, Cabral JA, de Carvalho M, Lopes
JM. Cardiac troponin T and illness severity in the very-low-birth-
weight infant. Int J Pediatr. 2012;2012:479242. doi: 10.1155/2012/479242.
[PubMed: 22518175]. [PubMed Central: PMC3299249].

29. Sehgal A, Wong F, Mehta S. Reduced cardiac output and its correla-
tion with coronary blood flow and troponin in asphyxiated infants
treated with therapeutic hypothermia. Eur J Pediatr. 2012;171(10):1511–
7. doi: 10.1007/s00431-012-1764-y. [PubMed: 22669637].

30. Miller JD, Carlo WA. Pulmonary complications of mechanical
ventilation in neonates. Clin Perinatol. 2008;35(1):273–81. x-xi. doi:
10.1016/j.clp.2007.11.004. [PubMed: 18280886].

31. Cantinotti M, Giordano R, Scalese M, Murzi B, Assanta N, Spadoni
I, et al. Nomograms for mitral inflow Doppler and tissue Doppler
velocities in Caucasian children. J Cardiol. 2016;68(4):288–99. doi:
10.1016/j.jjcc.2015.10.004. [PubMed: 26564714].

32. Eidem BW, McMahon CJ, Cohen RR, Wu J, Finkelshteyn I, Kovalchin JP,
et al. Impact of cardiac growth on Doppler tissue imaging velocities:
A study in healthy children. J Am Soc Echocardiogr. 2004;17(3):212–21.
doi: 10.1016/j.echo.2003.12.005. [PubMed: 14981417].

33. Iwashima S, Sekii K, Ishikawa T, Itou H. Serial change in myocar-
dial tissue Doppler imaging from fetus to neonate. Early Hum Dev.
2013;89(9):687–92. doi: 10.1016/j.earlhumdev.2013.04.017. [PubMed:
23707048].

34. Patel N, Mills JF, Cheung MM. Assessment of right ventricular func-
tion using tissue Doppler imaging in infants with pulmonary hy-
pertension. Neonatology. 2009;96(3):193–9. discussion 200-2. doi:
10.1159/000215585. [PubMed: 19407463].

35. Clark SJ, Eisenhut M, Sidaras D, Hancock SW, Newland P, Thorburn
K. Myocardial injury in infants ventilated on the paediatric inten-
sive care unit: A case control study. Crit Care. 2006;10(5):R128. doi:
10.1186/cc5040. [PubMed: 16965618]. [PubMed Central: PMC1751080].

36. Tamilarasu N, Kumaravel KS. A study on cardiac troponin t in early di-
agnosis of myocardial injury due to perinatal asphyxia and its com-
parison with other modalities. Int J Contemp Pediatr. 2017;4(6):2098.
doi: 10.18203/2349-3291.ijcp20174739.

37. Tarkowska A, Furmaga-Jablonska W. The evaluation of diagnostic role
of cardiac troponin T (cTnT) in newborns with heart defects. Scientific-
WorldJournal. 2012;2012:682538. doi: 10.1100/2012/682538. [PubMed:
22547993]. [PubMed Central: PMC3324289].

38. Kayali S, Ertugrul I, Yoldas T, Kaya O, Ozgur S, Orun UA, et al. Sen-
sitive cardiac troponins: Could they be new biomarkers in pedi-
atric pulmonary hypertension due to congenital heart disease? Pedi-
atr Cardiol. 2018;39(4):718–25. doi: 10.1007/s00246-018-1811-1. [PubMed:
29340731].

39. Elhamine F, Iorga B, Kruger M, Hunger M, Eckhardt J, Sreeram N, et
al. Postnatal development of right ventricular myofibrillar biome-
chanics in relation to the sarcomeric protein phenotype in pediatric
patients with conotruncal heart defects. J Am Heart Assoc. 2016;5(6).
doi: 10.1161/JAHA.116.003699. [PubMed: 27353610]. [PubMed Central:
PMC4937289].

40. Bokiniec R, Wlasienko P, Borszewska-Kornacka MK, Madajczak D,
Szymkiewicz-Dangel J. Myocardial performance index (Tei index) in
term and preterm neonates during the neonatal period. Kardiol Pol.
2016;74(9):1002–9. doi: 10.5603/KP.a2016.0056. [PubMed: 27112943].

Iran J Pediatr. 2020; 30(1):e93846. 5

http://dx.doi.org/10.1016/j.jtcvs.2012.05.034
http://www.ncbi.nlm.nih.gov/pubmed/22704287
http://dx.doi.org/10.1007/s11739-017-1612-1
http://www.ncbi.nlm.nih.gov/pubmed/28188579
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5329082
http://dx.doi.org/10.1007/s12098-008-0242-z
http://www.ncbi.nlm.nih.gov/pubmed/19190877
http://dx.doi.org/10.1016/0735-1097(93)90838-r
http://www.ncbi.nlm.nih.gov/pubmed/8509545
http://dx.doi.org/10.1111/j.1540-8175.2011.01515.x
http://www.ncbi.nlm.nih.gov/pubmed/21967284
http://dx.doi.org/10.1038/pr.2014.22
http://www.ncbi.nlm.nih.gov/pubmed/24522102
http://dx.doi.org/10.3109/14767058.2010.511334
http://www.ncbi.nlm.nih.gov/pubmed/20822328
http://dx.doi.org/10.1203/PDR.0b013e318193f149
http://www.ncbi.nlm.nih.gov/pubmed/19391252
http://www.ncbi.nlm.nih.gov/pubmed/23323076
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3537205
http://dx.doi.org/10.1373/clinchem.2016.255109
http://www.ncbi.nlm.nih.gov/pubmed/28062612
http://dx.doi.org/10.1016/j.cca.2016.04.029
http://www.ncbi.nlm.nih.gov/pubmed/27118089
http://dx.doi.org/10.1155/2012/479242
http://www.ncbi.nlm.nih.gov/pubmed/22518175
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3299249
http://dx.doi.org/10.1007/s00431-012-1764-y
http://www.ncbi.nlm.nih.gov/pubmed/22669637
http://dx.doi.org/10.1016/j.clp.2007.11.004
http://www.ncbi.nlm.nih.gov/pubmed/18280886
http://dx.doi.org/10.1016/j.jjcc.2015.10.004
http://www.ncbi.nlm.nih.gov/pubmed/26564714
http://dx.doi.org/10.1016/j.echo.2003.12.005
http://www.ncbi.nlm.nih.gov/pubmed/14981417
http://dx.doi.org/10.1016/j.earlhumdev.2013.04.017
http://www.ncbi.nlm.nih.gov/pubmed/23707048
http://dx.doi.org/10.1159/000215585
http://www.ncbi.nlm.nih.gov/pubmed/19407463
http://dx.doi.org/10.1186/cc5040
http://www.ncbi.nlm.nih.gov/pubmed/16965618
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1751080
http://dx.doi.org/10.18203/2349-3291.ijcp20174739
http://dx.doi.org/10.1100/2012/682538
http://www.ncbi.nlm.nih.gov/pubmed/22547993
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3324289
http://dx.doi.org/10.1007/s00246-018-1811-1
http://www.ncbi.nlm.nih.gov/pubmed/29340731
http://dx.doi.org/10.1161/JAHA.116.003699
http://www.ncbi.nlm.nih.gov/pubmed/27353610
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4937289
http://dx.doi.org/10.5603/KP.a2016.0056
http://www.ncbi.nlm.nih.gov/pubmed/27112943
http://ijp.tums.pub

	Abstract
	1. Background
	2. Methods
	3. Results
	Table 1
	Table 2

	4. Discussion
	4.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

