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Abstract: Brain natriuretic peptide (BNP) and its stable form, N-terminal proBNP (NT-proBNP), can work as a clini-
cal index for cardiac function. Cardiac troponin T (cTnT) is another specific indicator for the condition of myocardial 
injury. This study investigated the level of cTnT and NT-ProBNP in congenital heart disease (CHD) children before 
and after intervention therapy, in an attempt to discuss their features and potential values in prognosis prediction. A 
total of 128 CHD patients who received catheter intervention surgery (including 43 cases of secundum atrial septal 
defect (ASD), 44 cases of membranous ventricular septal defect (VSD) and 41 cases of patent ductus arteriosus 
(PDA)) were enrolled. Serum cTnT and NT-ProBNP levels were measured by enzyme-linked immunosorbent assay 
(ELISA). The predictive value in prognosis prediction was analyzed by ROC curve. Echocardiography results showed 
no significant change of cardiac function in ASD patients 48 hours after surgery, but lowered LVEDD and elevated 
LVEF levels were observed in VSD and PDA sub-groups (P<0.05). Levels of cTnT and NT-ProBNP were elevated im-
mediately after surgery, reaching a peak and then decreased 48 hours later. Levels of cTnT and NT-ProBNP were 
significantly higher in those with endpoint events (P<0.05). ROC analysis revealed the highest evaluative efficacy 
of those two factors for VSD, followed by PDA and ASD. Serum cTnT and NT-ProBNP levels showed time-dependent 
pattern in CHD patients and had implications in evaluating the prognosis of CHD patients after intervention surgery.
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Introduction

Congenital heart disease (CHD) is one type of 
common cardiovascular diseases in children. 
Among all subtypes of CHD, atrial septal defect 
(ASD), ventricular septal defect (VSD) and pat-
ent ductus arteriosus (PDA) are common types 
of shunting disorders [1, 2]. Classical treatment 
plan for CHD is open-chest surgery, which, how-
ever, may cause major trauma and various 
complications. The introduction of intervention 
therapy had less incidence of trauma and com-
plications, with rapid postoperative recovery. 
The stretch of catheter, dilation of balloon and 
blocking materials all can cause injury of myo-
cardial tissues [3, 4]. Even in those with smooth 
surgery, no significant alternation of echocar-
diography, clinical symptom and vitals, and st- 
able myocardial enzyme, but examination has 

shown the existence of minor injury of myocar-
dial tissues [5, 6]. Current study about myocar-
dial injury after intervention therapy for CHD 
mainly focuses on the short-term effect [7, 8]. 
Sensitive indexes for myocardial tissue injury 
include cardiac troponin (cTn, cTnT and cTnI) and 
creatine kinase isoenzyme (CK-MB), which is an 
important indicator for myocardial tissue necro-
sis. As one myocardial tissue-specific antigen, 
cTn is also a specific indicator for myocardial 
injury. It is released immediately after even 
minor injury of myocardial tissue, and can per-
sist for long term, thus benefiting the evaluation 
of perioperative cardiac injury and postopera-
tive efficacy [9, 10]. Brain natriuretic peptide 
(BNP) and N-terminal pro-brain natriuretic pep-
tide (NT-ProBNP) are both clinical indexes for 
evaluating cardiac function. BNP is known to  
be positively correlated with cardiac function 
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scale. Due to its relatively longer half-life, 
NT-ProBNP is more stable than BNP. Serum 
BNP and NT-ProBNP levels thus can effectively 
predict the prognosis of heart failure patients, 
and can reflect the pressure load and volume  
of CHD children, thus working as indexes for 
assisting CHD diagnosis and evaluating dis-
ease condition [11, 12]. This study investigated 
the serum cTNT and NT-ProBNP levels at differ-
ent time points before and after intervention 
therapy of childhood CHD patients, in an at- 
tempt to elucidate the changing pattern and 
the value in prognostic prediction.

Materials and methods

Clinical information

A total of 128 CHD children who successfully 
received cardiac catheter intervention surgery 
from March 2012 to April 2015 in Third Af- 
filiated Hospital of Zhengzhou University were 
recruited in this study. Among all patients, there 
were 43 cases of secondary atrial septal defect 
(ASD), 44 cases of membranous ventricular 
septal defect (VSD), and 41 patients with pat-
ent ductus arteriosus (PDA). All patients had no 
pulmonary hypertension. This study has been 
pre-approved by the ethical committee of our 
hospital and has obtained written consents 
form all participants’ families. General clinical 
information of all patients was listed in Table 1.

Inclusive/exclusive criteria

Inclusive criteria: CHD patients with left-to-right 
shunting disorder fitted guideline for interven-
tion therapy; Aging between 2 and 8 years old; 
No infection, muscular disease or liver/kidney 
function before surgery.

Exclusive criteria: With infection or sepsis be- 
fore or after surgery; Complicated with other 
cardiac deformation that requires surgery; With 
moderate to severe pulmonary hypertension.

Observing indexes

Echocardiography examination was performed 
before the surgery on all patients to measure 
left ventricle ejection fraction (LVEF) and left 
ventricle end-diastolic dimeter (LVEDD). Serum 
cTnT and NT-ProBNP levels were measured 
using enzyme linked immunosorbent assay 
(ELISA) using test kits (Roche, Swiss) before 
surgery, and at 0, 6, 24, 48, 72 hours and 7 
days after surgery. The myocardial injury was 
determined when cTnT >0.1 ng/mL. Cardiac 
dysfunction was identified when NT-ProBNP 
>300 pg/mL. Postoperative follow-ups were 
performed within 6 months after surgery. The 
endpoint of follow up was identified as cardiac 
function deterioration for in-patients or death.

Statistical methods

SPSS 19.0 software was used to compare all 
collected data. The comparison of ratios was 
performed by chi-square test with correction. 
Measurement data were firstly tested for nor-
mality. Data fitted normal distribution were 
expressed as mean ± standard deviation (SD). 
Comparison across multiple groups was per-
formed by one-way analysis of variance (AN- 
OVA), followed by LSD test for paired compari-
son. Non-parametric data were presented by 
median and percentiles, and were compared by 
rank-sum test. ROC analysis was used to pre-
dict the value of NT-ProBNP on endpoint events. 
Youden index J was calculated as sensitivity + 
specificity-1. Cut off values were determined as 
the best sensitivity and specificity value. A sta-
tistical significance was defined when P<0.05.

Results

Clinical observation

All patients had successful intervention thera-
pies. No signs of short breath, fever, heart fail-
ure or cyanosis were observed in patients after 

Table 1. General information of CHD patients
Group ASD VSD PDA t/χ2 value P value
N 43 44 41 - -
Sex ratio (M:F) 20:23 19:25 18:23 0.1073 0.948
Average age (years) 5.54±1.42 5.48±1.26 5.61±1.59 0.416 0.678
Average body weight (kg) 20.58±7.21 20.81±6.92 20.71±7.41 0.149 0.882
Diameter of defect or PDA (mm) 6.14±2.14 5.83±0.86 5.74±1.12 1.081 0.284
Cardiac function grade I~II 32 30 32 1.0912 0.579
Cardiac function grade III~IV 11 14 9
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surgery. Leukocyte count was normal 48 hours 
after surgery. Chest X-ray showed success of 
repair surgery. Echocardiography showed no 
significant difference of LVEDD or LVEF in ASD 
patients after surgery (P>0.05, Figure 1). VSD 
and PDA patients, however, had lowered LVE- 
DD level and elevated LVEF level after surge- 
ry (P<0.05). These results suggested restored 
abnormal blood flow and decreased left heart 
volume/pressure load in VSD or PDA patients 
after surgery.

Serum cTnT level

All patients had normal cTnT levels before sur-
gery. After surgery, cTnT level was immediately 
increased, reaching a peak at 24 hours post-
surgery. VSD group had above-normal level of 
cTnT at 24 hours post-surgery. The elevated 

cTnT levels were restored to pre-operative level 
in PDA group after 48 hours of surgery. VSD 
and ASD individuals had decreased cTnT level 
but still higher than normal people. All abnor-
malities were restored to the pre-operative 
level (Figure 2).

Serum level of NT-ProBNP

All patients had normal NT-ProBNP levels be- 
fore surgery. After surgery, NT-ProBNP levels 
were elevated and reached a peak at 6 hours 
(P<0.05, Figure 3). Then it was gradually de- 
creased to normal levels until 48 hours.

Predictive value of serum NT-ProBNP on prog-
nosis

During 6-month postoperative follow-up, 34 
patients had endpoint events, including 22 ca- 

Figure 1. Cardiac function indexes. A: LVEDD; B: LVEF. ASD, secondary atrial septal defect; VSD, ventricular septal 
defect; PDA, patent ductus arteriosus. *, P<0.05 compared to those before surgery.

Figure 2. Serum cTnT level. ASD, secondary atrial 
septal defect; VSD, ventricular septal defect; PDA, 
patent ductus arteriosus. *, P<0.05 compared to 
ASD group; #, P<0.05 compared to ASD group; &, 
P<0.05 compared to PDA group.

Figure 3. Serum NT-ProBNP level. ASD, secondary 
atrial septal defect; VSD, ventricular septal defect; 
PDA, patent ductus arteriosus. *, P<0.05 compared 
to those before surgery.
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ses of cardiac function deterioration (9 form 
VSD, 6 cases of ASD, and 7 from PDA subgroup) 
and 12 death cases (3 VSD, 5 ASD and 4 PDA 
patients). Using serum NT-ProBNP level at dis-
charge for predicting endpoint events by ROC 
analysis, cut-off values of VSD, PDA and ASD 
groups were determined to be 349 pg/mL, 449 
pg/mL and 499 pg/mL, respectively. The areas 
under the curve were 0.955, 0.911 and 0.891 
for VSD, PDA and ASD patients, respectively 
(Table 2). The sensitivity and specificity were 
determined as 90.90% and 84.09%, 87.80% 
and 85.36%, 83.72% and 88.37% for VSD, ASD 
and PDA, respectively (Figure 4).

Correlation between endpoint events and 
serum levels of cTnT and NT-ProBNP

As shown in Figure 5, those patients with end-
point events had significantly higher serum 
cTnT and NT-ProBNP level (P<0.05).

Discussion

The intervention therapy has inherent advan-
tages over traditional open chest surgery for 
CHD. Certain complications including detach of 

implants, hemolysis, thrombosis, obstruction 
and arrhythmia may also occur during or after 
intervention therapy [13, 14]. The direct stimu-
lus on myocardial tissues by contrast agent, 
catheter or guide wire, dilation of balloon ag- 
ainst valves, frication or compression on pe- 
ripheral tissues by implant, and body’s immune 
functions all can affect myocardial tissues [15, 
16]. Most CHD patients had elevated serum 
cTnT levels, which are negatively correlated with 
body weight or age, after intervention therapy, 
which also increase serum CK-MB level [17, 
18]. This study measured serum cTnT and 
NT-ProBNP levels at different time points before 
and after surgery. Results found normal cTnT 
level before surgery, and immediate surge after 
surgery, suggesting the effect by mechanical 
stimuli including guide wire, catheter and sh- 
eath. At 6 hours and 24 hours after surgery, 
VSD patients had elevated cTnT level, which 
was restored to normal at 48 hours. The signifi-
cant elevation of cTnT level in VSD patients is 
highly likely to be related with myocardial tissue 
injury, probably due to the friction of peripheral 
tissue by blocking implant, which can cause 
focal tissue edema. During the manipulation of 
cardiac catheter, inflammation can be induced 
as a result of mechanical injury on vascular 
endothelial cells. The disintegration of myocar-
dial cells may increase the permeability of the 
membrane, through which small molecule cTnT 
was released into the blood. Intervention thera-
py for VSD requires the intra-cavity angiography 
and implant of blocker at ventricular septum. 
Similar to VSD, PDA treatment require less 
intra-cavity manipulation and extra-cavity im- 
plant and angiography. The intervention thera-
py of ASD was performed in atrium and inferior 
vena cava without contrast agent. Therefore, 
VSD requires the most complicated surgical 
procedures, leading to higher probability injury 
on myocardial tissues and subsequent eleva-
tion of cTnT levels. In a word, the amplitude and 
duration of the increase of myocardial marker 
is correlated with specific sub-type of CHD.

As one neuropeptide secreted by ventricles, 
BNP has major functions including vascular 
dilation, diuresis and inhibiting renin-aldoste-
rone. BNP is abundantly synthesized when car-
diac function is compromised, making its level 
being positively correlated with cardiac func-
tion scale. Meanwhile, left ventricular fraction- 
al shortening ratio and LVEF are both negative- 
ly correlated with serum BNP level [19, 20]. 

Table 2. Area under the curve

Test  
statistics Area Standard 

errora
Progressive 

Sig.b

95% confi-
dence interval
Lower 
limit

Upper 
limit

VSD .955 .033 .000 .891 1.000
PDA .911 .061 .000 .792 1.000
ASD .891 .070 .000 .755 1.000
aUnder non-parametric hypothesis; bNull hypothesis: area 
= 0.5.

Figure 4. Predictive power of serum NT-ProBNP.
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NT-ProBNP is mainly secreted by left ventricle 
and is more stable than BNP in serum, making 
it a common index for cardiac function and 
prognostic evaluation [21, 22]. Results from 
this study showed elevated serum NT-ProBNP 
in CHD children before surgery. After interven-
tion surgery, NT-ProBNP levels in all three sub-
groups increased, reaching a peak at 6 hour, 
followed by gradual decrease till normal range 
after 48 hours. In VSD and PDA patients, the 
heavy burden of left ventricle was relieved by 
intervention surgery, thus decreasing serum 
level of NT-ProBNP. In ASD patients, the malfor-
mation of left ventricle is caused by dilation of 
right heart. The surgical repair may cause tem-
porary dysfunction or even failure of left heart, 
thus causing elevated NT-ProBNP level, which, 
however, can be restored by the recovery of 
heart function. During the 6-month postopera-
tive follow-up, cut-off values of VSD, PDA and 
ASD groups were determined to be 349 pg/mL, 
449 pg/mL and 499 pg/mL, respectively. The 
areas under the curve were 0.955, 0.911 and 
0.891 for VSD, PDA and ASD patients, respec-
tively. The sensitivity and specificity were deter-
mined as 90.90% and 84.09%, 87.80% and 
85.36%, 83.72% and 88.37% for VSD, ASD and 
PDA, respectively. The overall evaluative effica-
cy of NT-ProBNP is the highest in VSD patients 
compared to PDA or ASD ones, suggesting the 
significance of serum NT-ProBNP in evaluating 
the prognosis of intervention surgery for VSD 
children.

In summary, this study revealed the time pat-
tern of serum cTnT and NT-ProBNP levels for 

evaluating the myocardial injury after interven-
tion surgery for CHD children. Serum level of 
NT-ProBNP can predict the unfavorable progno-
sis of intervention surgery to certain extents, 
while serum cTnT is related with heart injury.
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