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Risk factor analysis for hyperamylasemia after open-heart surgery
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Abstract: Objective: To analyze relative risk factors of hyperamylasemia after open-heart surgery, and provide basis for clinical prevention and treatment. Methods: A total of 521 adult patients, who received open-heart surgery under general anesthesia and low temperature in our hospital from Jan 1, 2013 to Jun 30, 2013, were selected. The 2ml peripheral venous blood was taken in each patient instant after ICU hospitalization, 24h, 48h and 72h after surgery, then serum was separated and measured for serum amylase level by Somogyi method. According to the measured results of serum amylase level, patients were divided into hyperamylasemia group (serum amylase≥500U/dl, n=76) and non- hyperamylasemia group (serum amylase<500 U/dl, n=445). Single factor and gradual Logistic regression analysis were used to analyze risk factors of hyperamylasemia in patients after open-heart surgery. Results: Gradual Logistic regression analysis indicated that cardiopulmonary bypass (CPB) time and hypotension during operation, renal dysfunction and infection after operation were independent risk factors for postoperative hyperamylasemia (OR=1.02~4.12, P<0.05 or <0.01). Conclusion: During perioperative treatment of open-heart surgery, shortening CPB time, avoiding hypotension during surgery, protecting renal function and preventing infection may reduce morbidity of postoperative hyperamylasemia and improve prognosis of patients.
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摘要：目的：分析体外循环心脏术后患者发生高淀粉酶血症的相关危险因素，为临床预防和治疗提供依据。方法：选择从2013年1月1日至2013年6月30日我院在全麻低温体外循环下行心脏手术后成人患者521例。于入ICU即刻、术后24h、48h、72h抽取外周静脉血2m1，分离血清后用Somogyi法测定血清淀粉酶水平。根据血清淀粉酶测定结果将患者分为高淀粉酶血症组(血淀粉酶≥500U/dl，76例)、非高淀粉酶血症组(血淀粉酶<500U/dl，445例)。采用单因素和逐步Logistic回归方法分析体外循环心脏术后患者发生高淀粉酶血症的危险因素。结果：逐步Logistic回归分析显示术中体外循环时间、术中低血压、术后肾功能不全、术后感染是术后发生高淀粉酶血症的独立危险因素(OR=1.02~4.12, P<0.05或<0.01)。结论: 在体外循环心脏手术围术期治疗中，缩短体外循环时间，避免术中低血压，维护肾功能及预防感染，可能会减少术后高淀粉酶血症的发生率，从而改善患者的预后。
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Apart from pancreatic disease, postoperative, shock, cardiopulmonary resuscitation and infection etc. can also lead to hyperamylasemia. Foreign report suggested that hyperamylasemia occurs in 30% patients undergoing cardiac surgery [1]. Compared with normal amylase group, there were significant rise in morbidities of systemic inflammatory response syndrome (SIRS), impairment of renal function and pulmonary infection and mortality in elevated amylase group [2]. The present study explored risk factors of hyperamylasemia in adult patients after open-heart surgery through studying hyperamylasemia patients from ICU of our hospital.

1. Data and method

1.1 General data

A total of 521 adult patients, who received open-heart surgery under general anesthesia and low temperature in our hospital from Jan 1, 2013 to Jun 30, 2013, were selected. There were 287 men and 234 women with mean age 18~70 (48.2±24.4) years. Patients with pancreatic disease or medical history of cholelithiasis before surgery were excluded. 
1.2 Methods

1.2.1 Therapeutic process  All patients accepted open-heart surgery under general anesthesia and low temperature. They received hemodynamic measurements and routine cardiotonic, vasodilation and diuretic treatments. According to hemodynamic indexes, patients received medication support such as dopamine, dobutamine, epinephrine, nitroglycerin, sodium nitroprusside etc. to maintain mean arterial pressure at 65~80 mmHg. Endotracheal tube after surgery can be removed when patients were conscious, their muscular strength was satisfying, hemodynamics were steady and breath was stable. 

1.2.2 Monitored indexes  The 2ml peripheral venous blood was taken in each patient instant after ICU hospitalization, 24h, 48h and 72h after surgery and infused in non-anticoagulant tube. Then serum was separated, and serum amylase level was measured using Somogyi method. Following data were recorded, including age, gender, history of diabetes mellitus and alcohol drinking, left ventricular ejection fraction (LVEF) and NYHA cardiac function classification before operation, cardiopulmonary bypass (CPB) time, coronary occlusion time and amount of blood loss during operation, hypotension morbidity during surgery, incidence rates of low cardiac output, renal dysfunction and infection after surgery.

1.2.3 Grouping standards  According to serum amylase level, patients were divided into hyperamylasemia group (serum amylase≥500U/dl, n=76) and non-hyperamylasemia group (serum amylase<500 U/dl, n=445).

1.2.4 Statistical treatment  SPSS 10.0 software was used to perform statistical treatment. Measurement data were expressed as mean ± standard deviation (
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), and its comparison between two groups was performed using t test. Numeration data was expressed as percentage, and its comparison was performed using chi-square test. Single factor analysis was used to analyze risk factors at first, then those indexes with significant difference entered gradual Logistic regression analysis. P<0.05 was regarded as possessing significant difference.
2. Results

2.1 Single factor analysis of related factors for hyperamylasemia in adult patients after open-heart surgery

    Compared with non-hyperamylasemia group, there were significant rise in CPB time during operation, incidence rate of hypotension during operation, renal dysfunction and infection after operation in hyperamylasemia group after cardiac surgery, P<0.05 or <0.01. They were shown in table 1. 

Table 1 Single factor analysis of related factors for hyperamylasemia in two groups

	Index
	Hyperamylasemia group (n=76)
	Non-hyperamylasemia group (n=445)
	t/χ2
	P

	Age (years)
	57.2±19.3△
	47.2±21.4
	1.699
	0.047

	Preoperative LVEF(%)
	38.2±8.1△
	43.4±11.5
	-1.628
	0.049

	Preoperative NYHA cardiac function classification 
	2.1±1.1
	1.8±0.7
	0.874
	0.382

	CPB time (min)
	96.6±27.8△
	70.1±34.2
	1.745
	0.042

	Coronary occlusion time (min)
	41.3±17.5
	44.3±28.6
	-0.576
	0.612

	Amount of blood loss during operation (ml)
	301.4±68.9
	304.8±88.4
	-0.622
	0.551

	Men n(%)
	37(48.68)
	250(56.18)
	0.59
	0.694

	Diabetes mellitus history n(%)
	21(27.63)
	119(26.74)
	0.54
	0.721

	Alcoholism history n(%)
	11(14.47)
	58(13.03)
	0.58
	0.704

	Hypotension during operation n(%)
	52(68.42) △
	98(22.02)
	5.11
	0.031

	Low cardiac output after operation n(%)
	24(31.58) △
	110(24.72) 
	1.76
	0.043

	Renal dysfunction after operation n(%)
	49(64.47) △△
	141(31.69)
	4.03
	0.005

	Infection after operation n(%)
	19(25.00) △△
	31(6.97)
	8.87
	0.003


LVEF: Left ventricular ejection fraction，CPB time: Cardiopulmonary bypass time. Compared with non- hyperamylasemia group, △ P<0.05, △△P<0.01 . Similarly hereinafter

2.2 Gradual Logistic regression analysis of related factors for hyperamylasemia in adult patients after open-heart surgery
    With presence of hyperamylasemia as dependent variable, variables with statistical significance in single factor analysis entered gradual Logistic regression analysis. The results indicated that CPB time and hypotension during operation, renal dysfunction and infection after operation were independent risk factors for postoperative hyperamylasemia (OR=1.02~4.12), P<0.05 or <0.01. They were shown in table 2.  

Table 2   Risk factor analysis of hyperamylasemia 

	Index
	B
	S.E.
	Wald χ2
	P
	OR(95%CI)

	CPB time
	0.648
	0.141
	12.117
	0.002
	2.67(1.621-7.969)

	Hypotension during operation
	1.152
	0.323
	6.948
	0.011
	4.12(1.610-38.256)

	Renal dysfunction
	1.299
	0.467
	7.997
	0.007
	3.14(1.503-13.016)

	Infection
	0.468
	0.441
	13.764
	0.001
	1.02(1.422-6.521)


3. Discussion

Occurrence of hyperamylasemia is related to biliary obstruction and countercurrent, pancreatic ischemia and hypoperfusion, infection, and inflammatory responses etc [3]. Many factors affecting open-heart surgery, such as surgical wound, anesthetic drugs, low temperature, contact between blood and cardiopulmonary bypass pipeline, organ ischemia-reperfusion injury, and endotoxin release, can induce inflammatory response syndrome, and release inflammatory mediators such as interleukin (IL)-6, IL-8 and interferon (INF)-α etc [4]. Release of these cytokines is one of the important mechanisms leading to hyperamylasemia. In the present study, patients with longer CPB time were more likely to suffer from hyperamylasemia, suggesting that the longer CPB time was, the more severe inflammatory response syndrome was, inflammatory factors impair pancreatic cells, resulting in occurrence of hyperamylasemia.

On the other hand, CPB non-pulsing blood flow inevitably leads to pancreatic hypoperfusion of different extent. If hypotension occurs at this time, it would definitely aggravate pancreatic ischemia and hypoxia. Long-time pancreatic ischemia and hypoperfusion will lead to production of massive oxygen radicals, which can cause increase of lipid peroxides in pancreas, reduce acinar cell membrane stability, leading to release of intracellular lysosomal enzymes and dissolve cells [5], finally resulting in hyperamylasemia. In the present study, hypotension during operation was an independent risk factor for postoperative hyperamylasemia, suggesting physicians should pay attention to perfusion pressure maintenance during operation so as to avoid organ functional injury during hypotension, especially pancreatic ischemia and hypoxia.

   Kidney plays an important role in amylase excretion, approximately 30% amylase are excreted via urine in propotype, some other amylase are excreted after tubular catabolism. Incidence rate of acute renal function injury is high in patients after open-heart surgery, it affects amylase excretion, and it is also a factor leading to hyperamylasemia. Postoperative acute renal function injury complicated hyperamylasemia can be considered as a part of multiorgan dysfunction syndrome (MODS). Elevated blood amylase level is significantly correlated with disease severity and MODS morbidity [6]. Therefore, monitoring blood amylase level is of important significance for timely determining pancreatic injury and patient’s status. 

   Tribl et al found that compared with healthy control group, there were different degree of abnormality in concentrations of amylase, chymotrypsin and trypsin in duodenal fluid of patients with sepsis, and secretion level of amylase is significantly correlated with severity of clinical status [7]. When septic shock occurs, there is most significant reduction in microcirculation blood flow amount of pancreas (56%); when tissue perfusion has recovered in other tissue and organs, blood flow amount of pancreatic microcirculation is still lower than normal level [8]. Abnormal elevated amylase level and inflammatory response in infectious patients are related to organ hypoperfusion. In the present study, risk of hyperamylasemia significantly rose in those with infection, suggesting that infection is closely correlated with hyperamylasemia. So prevention and control of infection are important measures during prevention and treatment of hyperamylasemia. 

  In summary, hyperamylasemia after open-heart surgery may affect patient’s prognosis. The present study indicated that CPB time, hypotension during operation, renal dysfunction and infection after operation were independent risk factors for hyperamylasemia. During perioperative treatment of open-heart surgery, shortening CPB time, avoiding hypotension during surgery, protecting renal function and preventing infection may reduce morbidity of postoperative hyperamylasemia and improve prognosis of patients. 
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