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Clinical study for peritoneal dialysis treating low cardiac output syndrome after surgery in children with congenital heart disease
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Abstract: Objective: To observe the therapeutic effect of peritoneal dialysis on low cardiac output syndrome (LCOS) after surgery in children with congenital heart disease (CHD). Methods: A total of 61 CHD children complicated with LCOS after surgery were selected. Echocardiography was used to measure heart chamber diameter, left ventricular ejection fraction (LVEF) and pulmonary artery pressure etc. before and after peritoneal dialysis; and central venous pressure (CVP), urine volume, blood gas analysis indexes，plasma brain natriuretic peptide (BNP) concentration were measured to evaluate influence of peritoneal dialysis. Results: Compared with before treatment, there were significant increase in urine volume [(203.28±15.81) ml vs. (989.11± 54.72) ml], LVEF [(32.94±2.29)% vs. (51.93±2.79)%]；and significant reduction in pulmonary artery pressure [(46.72±3.84) mmHg vs. (34.82±2.92) mmHg], CVP [(17.27±1.47) cm H2O vs. (10.41±1.01) cm H2O] and plasma BNP level [(5928.71±158.27) ng/ml vs. (3851.83± 128.81) ng/ml], P<0.001 all. Conclusion: Peritoneal dialysis may effectively treat low cardiac output syndrome after surgery in children with congenital heart disease, related with its effect of ultrafiltration and relieve cardiac burden 
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摘要：目的：观察腹膜透析治疗小儿先心病术后低心排血量综合征的疗效果。方法：61例先心病术后并发低心排血量综合征患儿，于腹膜透析前后以心脏超声测定心腔内径、左室射血分数、肺动脉压力变化，另测定中心静脉压、尿量、血气分析指标、血浆脑型利钠肽浓度评估腹膜透析的影响。结果：与治疗前相比，尿量 [（203.28±15.81 ）ml比（989.11±54.72）ml] 显著增多，左室射血分数显著提高[（32.94±2.29）%比（51.93±2.79）%]；而肺动脉压[（46.72±3.84）mmHg比（34.82±2.92）mmHg]、中心静脉压 [（17.27±1.47）cmH2O比( 10.41±1.01) cmH2O]，血浆脑型利钠肽水平[（5928.71±158.27）ng/ml比( 3851.83±128.81）ng/ml] 显著下降， P均<0.001。结论： 腹膜透析可有效治疗先心病术后低心排血量综合征，这与其超滤、减轻心脏负担等作用有关。
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  Low cardiac output syndrome (LCOS) is a frequent postoperative complication in patients with different kinds of congenital heart disease (CHD), LCOS leads to hypoperfusion of important tissue and organs, such as liver and kidney, induces and aggravates multiple organ failure and possesses high mortality. Because causes of LCOS are varying, so the therapeutic effects of cardiotonic, diuretic and coronary dilation therapy etc. used in clinic are limited. Continuous blood purification is an effective method for treating LCOS, but vascular puncture is difficult and operating technique is complex in children, and pediatric compliance is poor, all these make it difficult to achieve satisfying effects. Peritoneal dialysis may be an active and helpful complement for treating LCOS, but there are few studies for peritoneal dialysis treating cardiac dysfunction [1-3]. The present study observed the therapeutic effect of peritoneal dialysis on postoperative LCOS in CHD children, in order to extend its application in clinic. 

1. Clinical data

1.1 General data

A total of 61 children with CHD complicated postoperative LCOS from Dec 2008 to Oct 2013 were enrolled. Those children didn’t improve after fully cardiotonic therapy received peritoneal dialysis therapy, including 49 males and 12 females with age (3.55±0.72) years. The causes of disease were: tetralogy of Fallot (n=15), atrial septal defect complicated severe pulmonary hypertension (n=24), ventricular septal defect complicated severe pulmonary hypertension (n=17) and double outlet right ventricle (n=5). All patients received surgery, and comprehensive treatment including coronary dilation, cardiotonic, diuretic and anti-infection therapy etc. after surgery. Clinical manifestations of LCOS were palpitation, dyspnea, bloody sputum and reduced urine volume etc. Exclusion standards were as follow: complicated with peritoneal infection, peritoneal adhesion after peritoneal surgery etc. 

1.2 Methods

1.2.1 Practice and method of peritoneal dialysis  After patient was local anesthetized, a straight incision was cut on exterior margin of rectus abdominis muscle; skin, subcutaneous fascia and muscular layer were separated layer by layer until peritoneum, then Tenckhoff tube was implanted in abdominal cavity, purse-string suture was performed, Tenckhoff tube was connected to peritoneal dialysis catheter and fixed. Peritoneal dialysis was performed in continuous way instead of intermittent peritoneal dialysis. The 1.5% peritoneal dialysis solution was used, 250ml was used every time on the day of catheter implantation, 250ml~300ml was used every time on the second day, 2000ml~2500ml dialysis solution was exchanged everyday, and ultrafiltration volume was counted every day. 

1.2.2 Echocardiography monitoring:  CHD children received echocardiography measurement before and after surgery. Left ventricular ejection fraction (LVEF), left ventricular end-systolic diameter (LVESd), left ventricular end-diastolic diameter (LVEDd) and tricuspid orifice level pulmonary artery pressure (PAP) were measured, in order to know influence of peritoneal dialysis on cardiac function and PAP. 

1.2.3 Measurement of plasma brain natriuretic peptide (BNP): At morning during perioperative period, 4ml peripheral venous blood was taken, and rapid fluorescence immunoassay was used to measure plasma BNP concentration. 

1.2.4 Hemodynamic monitoring:  Central venous pressure (CVP), radial invasive blood pressure (arterial blood pressure，ABP), heart rate (HR) and urine volume etc. were monitored every hour, and their 24h mean value were calculated. Partial pressure of oxygen (PaO2) and oxygenation index (oxygen concentration) was measured using blood gas analysis in order to know oxygen metabolic condition. 

1.3 Statistical method

    SPSS 10.0 software was used to perform statistical treatment. Measurement data were expressed as mean ± standard deviation (
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), its comparison between before and after treatment was performed using t test. P<0.05 was regarded as possessing significant difference. 

2. Results

2.1 Peritoneal dialysis condition

  Continuous peritoneal dialysis was performed successfully in all patients, during peritoneal dialysis, there was no dialysis catheter obstruction, swelling and exudation surrounding catheter. Peritoneal dialysis duration was (7.65±1.23)d, peritoneal ultrafiltration volume was (287.39±25.85) ml every day. 

2.2 Cardiac function

    Compared with before treatment, there was significant rise in LVEF and significant reduction in PAP (P<0.001 both), but there were no significant change in LVEDd and LVESd after peritoneal dialysis, they were shown in table 1. Compared with before treatment, there was significant reduction in plasma BNP level [(5928.71±158.27) ng/ml vs. (3851.83±128.81) ng/ml, P<0.001] after treatment, above results suggested that peritoneal dialysis therapy can improve cardiac function and help to decrease PAP. 

Table 1   Echocardiographic examined result of patients undergoing peritoneal dialysis (
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	Index
	Before treatment
	After treatment
	t
	  P 

	LVESd（mm）
	31.53±0.13
	32.26±0.27
	1.825
	0.061

	LVEDd（mm）
	33.29±0.24
	32.98±0.34
	0.589
	0.213

	LVEF （%）
	32.94±2.29
	51.93±2.79***
	17.98
	0.0008     

	PAP (mmHg)
	46.72±3.84
	34.82±2.92***
	19.19
	0.0009


LVESd: Left ventricular end-systolic diameter, LVEDd: Left ventricular end-diastolic diameter, LVEF: Left ventricular ejection fraction, PAP: Pulmonary artery pressure, compared with before treatment *P<0.05, ***P<0.001. Similarly hereinafter.
2.3 Hemodynamic monitoring

    After peritoneal dialysis, CVP significantly decreased (P<0.001), but there were no significant changes in HR and invasive arterial blood pressure, suggesting that peritoneal dialysis doesn’t have adverse influence on hemodynamics; meanwhile, compared with before treatment, there were significant rise in urine volume, PaO2 and oxygenation index after peritoneal dialysis. They were shown in table 2. 

Table 2   Changes of vital sign before and after peritoneal dialysis (
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	Before treatment
	After treatment
	t
	P 

	CVP（cmH2O）
	17.27±1.47
	10.41±1.01*
	29.18
	0.0005

	HR（beats/min）
	114.23±9.18
	107.13±7.62
	1.892
	0.068

	ABP(mmHg)
	88.57±5.78
	89.91±4.59
	1.365
	0.063 

	Urine volume (ml)
	203.28±15.81
	989.11±54.72***
	91.241
	0.0001      

	PaO2 (mmHg)
	67.78±5.86
	109.17±12.28***
	23.782
	0.0006

	Oxygenation index
	152.31±34.58
	472.92±41.29***
	41.05
	0.0004


CVP: Central venous pressure, HR: Heart rate, ABP: Radial invasive blood pressure, PaO2: Partial pressure of oxygen

3. Discussion

LCOS complication after CHD surgery is mainly related to reduced cardiac contractility, pulmonary hypertension etc. which would induce and aggravate multiple organ failure, and increase mortality rate. For critically ill patients, therapeutic effects of traditional cardiotonic, diuretic treatment are limited, so it calls for new effective methods. There are many researches about peritoneal dialysis applied in adult and pediatric renal failure, but few in CHD children with postoperative LCOS [4-5]. The present study explored therapeutic effect of peritoneal dialysis on LCOS and its possible mechanism in order to extend in clinic.

The present study found that after peritoneal dialysis, there were significant increase in LVEF and urine volume, and significant reduction in PAP, plasma BNP level and CVP, suggesting that peritoneal dialysis treatment can effectively treat postoperative LCOS in CHD children. Its mechanism may be ① Ultrafiltration effect: in LCOS patients, because myocardial contractility decreases, left ventricular anterior blood and right ventricular returned blood reduce, blood deposits on peripheral vascular bed and causes tissue & organ edema; the peritoneum possesses capable of absorption and secretion, so the superfluous water retained in tissue & organ and peripheral capillary bed is discharged via peritoneal dialysis, it relieves tissue & organ edema, improves organ function, therefore, improves cardiac function and increases urine volume [6-7]; ② Lowering PAP: There is pulmonary tissue & organ edema, so PAP rises; after peritoneal dialysis treatment PAP reduces, right ventricular ejection resistance decreases, right ventricular output rises, tissue & organ edema relieve, organ functions improve, beneficial cycle forms, so it can correct LCOS [8-9]; ③Pulmonary function improvement: After peritoneal dialysis, the blood gas analysis indicated that PaO2 increased and oxygenation index improved in patients, suggesting that pulmonary function and oxygen metabolism improved in these patients, and it related with pulmonary edema and cardiac function improvement [10].

The present study proved that ABP and HR were stable in these patients after peritoneal dialysis, indicating that peritoneal dialysis doesn’t affect hemodynamics; there was no thrombotic obstruction in catheter, swelling and exudation etc. on abdominal surgical incision in all patients, so peritoneal dialysis is safe to treat LCOS after pediatric CHD surgery in children. 

Peritoneal dialysis is easy to operate, safe and effective, and very value for LCOS after surgery in children with CHD, which can be extended in clinic. The experience of peritoneal dialysis treating LCOS after CHD surgery are those:（1）Once LCOS is confirmed and is hypervolemic, peritoneal dialysis should be performed in time unless there are contraindications [11]; （2）it’s suggested to perform continuous peritoneal dialysis, instead of intermittent peritoneal dialysis（easy to cause liquid in and out in large amount, which is harmful for functional improvement of important organs, such as heart and lung etc）；（3）End of peritoneal dialysis depends on relieving condition of LCOS, when patient’s condition improves, peritoneal dialysis time may be prolonged properly in order to avoid patient’s condition bounce; （4）catheter placed in abdominal cavity for a long time easily lead to peritoneal infection, so peritoneal dialysis catheter needs disinfection every day. Limitations of peritoneal dialysis are: causes of LCOS are varying, some patients complicated with right heart insufficiency are not suitable for large amount of ultrafiltration via peritoneal dialysis, they need proper volume maintenance, and this is difficult to perform in clinical practice; secondly, duration of peritoneal dialysis is long, long-term catheter placement may cause peritoneal dialysis obstruction, obstructed catheter and peritoneal infection, which limit its clinical use 
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