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Correlation between serum NT-proBNP concentration and pulmonary artery hypertension and change of NT-proBNP concentration after transcatheter closure in patients with congenital heart disease
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Abstract: Objective: To study the correlation between serum N terminal pro brain natriuretic peptide (NT-proBNP) concentration and mean pulmonary arterial pressure (mPAP) in patients with congenital heart disease (CHD). Methods: According to mPAP level, a total of 62 CHD patients undergoing transcatheter closure were divided into non- pulmonary artery hypertension （PAH）CHD group (n=26), CHD + mild PAH group (n=17), CHD + moderate PAH group (n=12) and CHD + severe PAH group (n=7). Another 20 healthy subjects in the same period were selected as healthy control group. The changes of serum NT-proBNP concentration was compared among all groups before, 24h and three months after operation. Correlation between NT-proBNP concentration and mPAP was analyzed before transcatheter closure. Results: Compared with healthy control group, there was significant rise in serum NT-proBNP level in all CHD groups before operation, and it significantly elevated along with mPAP increased [healthy control group (34.0±16.8) pg/ml vs. CHD non-PAH group (68.0±20.2) pg/ml vs. mild PAH group (116.7±43.5) pg/ml vs. moderate PAH group (273.1±64.2) pg/ml vs. severe PAH group (326.5±50.2) pg/ml, P<0.01? all]; linear correlation analysis indicated that serum NT-proBNP concentration before operation was positively correlated with mPAP in 62 CHD patients (r=0.604, P=0.002). On 24h after transcatheter closure, NT-proBNP concentration was significantly higher than before operation in all groups, but it possessed significant difference only in non-PAH CHD group [(98.9±22.1) pg/ml vs. (68.0±20.2) pg/ml, P<0.05]. NT-proBNP concentration was significantly lower than before operation in all CHD groups after three months (P<0.01? all). Conclusion: Serum NT-proBNP level rises along with pulmonary arterial pressure increased in patients with congenital heart disease, which could be used as an index judging severity of pulmonary artery hypertension and prognosis in these patients.     
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摘要：目的：研究先天性心脏病(CHD)患者血清氨基末端脑钠肽前体（NT-proBNP）浓度与肺动脉平均压(mPAP) 的相关性。方法：62例行导管封堵治疗的CHD 患者根据mPAP水平被分为四组：CHD不合并肺动脉高压（PAH）组（26例）、CHD合并轻度PAH组（17例）、CHD合并中度PAH组（12例）、CHD合并重度PAH组（7例），同期选择20 例健康体检者作为健康对照组。比较各组介入封堵术前后24h及3个月时的血清NT-proBNP 浓度的变化并分析介入封堵术前NT-proBNP 浓度与mPAP 的关系。结果：与健康对照组相比，术前各CHD组血清NT-proBNP水平明显升高，且随着mPAP 升高而显著升高[健康对照组(34.0±16.8) pg/ml比CHD无PAH组(68.0±20.2) pg/ml比轻度PAH组(116.7±43.5) pg/ml比中度PAH 组(273.1±64.2) pg/ml比重度PAH组(326.5±50.2) pg/ml，P均＜0.05]；直线相关分析显示：62 例CHD患者术前血清NT-proBNP 浓度与mPAP 呈正相关( r = 0.604，P=0.002)。各组术后24hNT-proBNP 浓度较术前升高，但只有CHD不合并PAH 组有统计学差异[(98.9±22.1) pg/ml比(68.0±20.2) pg/ml, P<0.05]，4组术后3 个月NT-proBNP 浓度较术前均有显著降低（P＜0.01?）。结论：先天性心脏病患者血清NT-proBNP浓度随肺动脉压力升高而逐渐升高，可作为先心病患者肺动脉高压程度以及预后判断的一个指标。
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    Incidence rate of congenital heart disease (CHD) is about 0.7%~0.8% in China, and left-to-right shunt type CHD patients occupy about 60%~70%. Pulmonary artery hypertension (PAH) is a most frequent complication of CHD, which is also an important factor affecting patients’ survival and quality of life. If it’s not treated in time, it would develop into Eisenmenger syndrome, which will seriously affect treatment and prognosis of patients. Brain natriuretic peptide (BNP) is a kind of cardiac neurohormone, increased ventricular wall tension and over distension of ventricular volume could cause increasing secretion of blood BNP. N terminal pro BNP (NT-proBNP) is same source with BNP, and both are equimolar secretion, so it can be used for early diagnosis and prognosis assessment for PAH. The present research studied the correlation between serum NT-proBNP concentration and PAH in CHD to provide an objective index evaluating PAH in CHD patients     

1. Data and methods

1.1 Subjects

A total of 62 pure CHD patients, who received interventional closure in our cardiac center from Jan 2010 to Dec 2013, were enrolled, including 32 males and 30 females with age 16~49 (31.0±11.1) years. Exclusion standards were as following: other organic heart disease, complex congenital heart malformations, hypertension, cardiac insufficiency, liver or renal dysfunction. Among the 62 patients, there were 12 cases with patent ductus arteriosus, 39 cases with atrial septal defect and 11 cases with ventricular septal defect. 

1.2 Clinical grouping

Patients were grouped according to pulmonary hypertension standard of ESC in 2009 [1]. According to level of mean pulmonary arterial pressure (mPAP), 62 CHD patients were divided into CHD non-PAH group (n=26, mPAP≤25mmHg), CHD + mild PAH (n=17, 25mmHg<mPAP≤35mmHg), CHD + moderate PAH group (n=12, 35mmHg<mPAP≤50mmHg) and CHD + severe PAH group (n=7, mPAP>50mmHg). Another 20 healthy subjects were regarded as healthy control group, including 10 males and 10 females with age 18~52 (33.4±12.6) years. 

1.3 mPAP measurement

Echocardiography was performed using color Doppler ultrasound machine (type HP5500, S4 probe, GE-Vivid 7, USA). Pulmonary artery systolic pressure (sPAP, mmHg) was estimated by tricuspid back flow velocity, mPAP was calculated according to formula (mPAP = 0.61 ×sPAP + 2 mmHg). 

1.4 NT-proBNP measurement
Serum concentration of NT-proBNP was measured using electrochemiluminescence method (Roche Cobas e 601, USA) and relative support reagents. 

1.5 Statistical treatment

SPSS 19.0 software was used to perform statistical analysis. Measurement data were expressed as mean ± standard deviation (
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), and comparison with healthy control group and comparison between before and after operation were performed using t test, comparison among all groups was performed using one-way ANOVA, and comparison between any two groups was performed using LSD-t test. Linear correlation analysis was used to analyze the correlation between NT-proBNP concentration and mPAP. P<0.05 was regarded as possessing statistical significance 

2. Results

There were no significant difference in general data among all groups (P>0.05), so they were comparable. They were shown in table 1. 

Table 1 Comparison of general data among all groups
	Index
	Healthy control group
	Non-PAH group
	Mild PAH group 
	Moderate PAH group
	Severe PAH group
	F/χ2
	P

	Cases (n)
	20
	26
	17
	12
	7
	
	

	Age (years)
	33.4±12.6
	31.5±11.6
	30.9±11.5
	30.5±11.2
	30.2±10.5
	2.24
	0.14

	Male n (%)
	10(50.0)
	14(53.8)
	10(58.8)
	6(50.0)
	4(57.1)
	0.39
	0.98


PAH: Pulmonary artery hypertension. Similarly hereinafter.

Compared with healthy control group before closure, there was significant rise in serum NT-proBNP level in all CHD group, and it significantly elevated along with mPAP increased (P<0.01? all); linear correlation analysis indicated that serum NT-proBNP concentration before operation was positively correlated with mPAP in 62 CHD patients (r=0.604, P=0.002). On 24h after transcatheter closure, NT-proBNP concentration was significantly higher than before operation in all CHD groups, but it possessed significant difference only in non-PAH CHD group P<0.05. NT-proBNP concentration was significantly lower than before operation in all CHD groups after three months (P<0.01 all ?). They were shown in table 2. 

3. Discussion

PAH is a most frequent complication of CHD, if intervention measure is not early performed in time, it will develop into severe PAH, seriously affect therapeutic effect and prognosis of patients. Therefore, correct evaluation of PAH degree is very important. Current diagnosis and evaluation method of PAH degree mainly include echocardiography and right heart catheterization, and the latter [1] is the gold standard measuring PAH, but it’s invasive and possesses certain risk; while PAH diagnosis and the degree evaluation by echocardiography is a rough calculation depending on a series of cardiac parameters, which makes its application limited. There are few reports on relative biochemical indexes evaluating PAH degree in CHD patients.

Table 2 Serum NT-proBNP concentration in all groups before and after operation
	Group
	Cases (n)
	NT-proBNP(pg/ml)
	

	
	
	Before operation
	24h after operation
	Three months after operation
	P1
	P2
	P3

	Healthy control group
	20
	34.0±16.8
	—
	—
	—


	—
	—

	Non-PAH group
	26
	68.0±20.2△△
	98.9±22.1＊＊
	44.0±21.4＊＊##
	0.0001
	0.0001
	0.0001

	Mild PAH group
	17
	116.7±43.5△△◇◇
	133.1±85.2
	43.5±18.7＊＊##
	0.485
	0.0001
	0.0002

	Moderate PAH group
	12
	273.1±64.2△△◇◇▲▲
	295.4±76.8◇◇▲▲
	82.5±36.2＊＊##◇◇▲▲
	0.449
	0.0001
	0.0001

	Severe PAH group
	7
	326.5±50.2△△◇◇▲▲◆◆
	342.4±87.3◇◇▲▲
	126.7±48.3＊＊##◇◇▲▲◆◆
	0.684
	0.0001
	0.0001

	F
	144.49
	44.53
	20.62
	


	P
	0.001
	0.001
	0.001
	

	P1:2
	0.00001
	-
	-
	

	P1:3
	0.00001
	-
	-
	

	P1:4
	0.00001
	-
	-
	

	P1:5
	0.00001
	-
	-
	

	P2:3
	0.00001
	0.093
	0.955
	

	P2:4
	0.00001
	0.00001
	0.0002
	

	P2:5
	0.00001
	0.00001
	0.000001
	

	P3:4
	0.00001
	0.00001
	0.00049
	

	P3:5
	0.00001
	0.00001
	0.000001
	

	P4:5
	0.00001
	0.129
	0.00156
	


注： Compared with before operation＊＊P＜0.01, Compared with 24h after operation ## P＜0.01： compared with healthy control group△P＜0.05, △△P＜0.01，compared with non-PAH group◇◇P＜0.01, compared with mild PAH group▲▲P＜0.01,, compared with moderate PAH group◆◆P＜0.01
BNP is mainly synthesized and secreted by ventricular myocardial cells. Ventricular pressure load, volume load, myocardial ischemia and stimulus from various cytokines and neuromediators will make BNP level increase [2]. NT-proBNP and BNP are released from same source, the difference is that NT-proBNP possesses longer half-life (120 min), stable biological character, and it doesn’t have daytime physiological fluctuation and is not interfered by recombinant human BNP drugs [3], which can better reflect degree of heart failure and prognosis than BNP. A research found that [4] the correlation among echocardiography, exercise data and NT-proBNP level was better than that of BNP. A lot of researches [5-7] proved that serum NT-proBNP concentration is closely correlated with heart failure and acute coronary syndrome etc., and is an important index mainly used for diagnosis and prognosis evaluation of cardiac insufficiency and judgment of CHD severity, and an important evidence for whether patients should receive early surgery or not. 

The present study found that before intervention, NT-proBNP level in non-PAH group was significantly higher than that of healthy control group (P<0.05?), suggesting that before presenting obvious myocardial remodeling and hemodynamic changes, these patients have had certain increased right ventricular load; NT-proBNP level elevated along with PAP increased, and severe PAH group > moderate PAH group > mild PAH group > non-PAH group (P<0.01 all), which was accorded with reports of Li L and Li YQ etc [8, 9], indicating that NT-proBNP level can reflect PAH degree. 

It can be seen from table 2 that on 24 h after transcatheter closure, serum NT-proBNP level rose in all CHD group compared with before operation, the causes may be that ① myocardium is pulled repeatedly during operation, leading to increased synthesis and secretion of NT-proBNP; ② after heart abnormal left-to-right shunt is blocked, left heart volume load rapidly elevates in short time, making NT-proBNP secretion rise. 

Compared with before operation after three months operation, NT-proBNP level significantly reduced in all CHD groups; among them, serum NT-proBNP level decreased to normal in non-PAH group and mild PAH group, indicating that prompt and early surgical intervention can effectively improve cardiac volume and pressure load, prolong survival period of CHD patients and significantly improve their quality of life; and it also demonstrated that damage caused by pulling and stimulating myocardium etc. during operation was reversible. Meanwhile, it’s found that NT-proBNP concentration didn’t recover to normal level in CHD + moderate/severe PAH group, the causes may be that ① Because of long course of disease and severe lesion, even if malformation is corrected, PAH caused hyperplasia and hypertrophy of pulmonary vascular smooth muscle still exist in patients with moderate/severe PAH ; ② Because follow-up period was short, ventricular volume load and pressure load caused by long-term abnormal shunt are difficult to recover completely in short time. 

In summary, serum NT-proBNP concentration is positively correlated with mPAP in CHD patients, when combined with echocardiography, it can better evaluate PAP and judge prognosis in CHD patients. 
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