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Abstract
BACKGROUND
Cardiopulmonary bypass (CPB) is an essential procedure for maintaining the blood supply to vital organs in patients undergoing cardiac surgery. However, perioperative cardiac injury related to CPB remains a severe complication in these patients. Cardiac protection is important for patients undergoing CPB. 

AIM
To evaluate the potential cardioprotective efficacy of the Chinese medicine preparation Xuebijing injection (XBJ) in patients undergoing CPB.

METHODS
Sixty patients undergoing cardiac surgery with CPB were randomly allocated to the XBJ and control groups (saline). XBJ was administered intravenously three times: 12 h prior to surgery, at the beginning of the surgery, and 12 h after the second injection. Cardiac function was evaluated by echocardiography 48 h after surgery. Circulating inflammation- and oxidative-stress-related markers were measured. Clinical outcomes related to intensive care unit (ICU) stay were recorded.

RESULTS
Compared to control treatment, XBJ was associated with improved PaO2/FiO2 and cardiac systolic function, but reduced troponin I and creatine kinase fraction after surgery (all P < 0.05). The circulating concentrations of tumor necrosis factor-α, interleukin (IL)-1β and IL-8 in the XBJ group were significantly lower than those in the control group (all P < 0.05), whereas the circulating concentration of IL-10 was significantly higher in the XBJ group (P < 0.05). In addition, the lengths of ICU stay and hospitalization after surgery tended to be shorter in the XBJ group than in the control group, although the differences were not significant. 

CONCLUSION
Perioperative administration of XBJ was associated with attenuated cardiac injury during CPB, likely via anti-inflammatory and antioxidative mechanisms. 
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Core Tip: Xuebijing injection (XBJ) significantly reduced myocardial injury in patients undergoing cardiopulmonary bypass (CPB), as demonstrated by significantly lower levels of myocardial injury markers including troponin I and creatine kinase-MB, and the preserved cardiac ejection fraction in patients in the XBJ group compared with those in the control group. The benefit of XBJ against myocardial injury was accompanied by reduced serum concentrations of inflammatory markers, including tumor necrosis factor-α, interleukin (IL)-1β and IL-8 and an increase in anti-inflammatory factor IL-10. These results suggest that perioperative XBJ is associated with attenuated cardiac injury during CPB, likely via anti-inflammatory and antioxidative mechanisms. 

INTRODUCTION
Cardiopulmonary bypass (CPB) is an essential procedure for maintaining the blood supply to vital organs in patients undergoing cardiac surgery[1]. However, perioperative cardiac injury related to CPB remains a severe complication in these patients[2]. Clinically, there are multiple risk factors for CPB-related cardiac injury, including type of surgery, pattern of CPB induction, and application of cardioplegia and hypothermia[3]. Pathophysiologically, ischemia–reperfusion injury (IRI) and inflammatory injury induced by CPB have been recognized as the most important mechanisms underlying the pathogenesis of CPB-related cardiac injury[1,4]. Patients who experience cardiac injury during CPB have a poor prognosis[5]. Therefore, identification of novel prevention and treatment strategies for CPB-related cardiac injury is of significant importance in clinical practice.
Xuebijing injection (XBJ), a traditional Chinese drug injection, has been applied for many critical clinical conditions related to the inflammatory response, such as pneumonia, sepsis, inflammatory lung injury, and disseminated intravascular coagulation due to its anti-inflammatory and antioxidative actions[6,7]. Moreover, clinical observations have confirmed the protective role of XBJ for multiple organs during inflammatory injury, including acute sepsis-related lung injury and liver injury[8-10]. In view of the important role of inflammation and oxidative stress in the process of CPB-related cardiac injury, we hypothesized that XBJ may attenuate myocardial injury during the CPB process. We aimed to evaluate the potential efficacy of XBJ on cardiac injury during CPB in these patients in a prospective, randomized, double blinded trial.

MATERIALS AND METHODS
Ethical considerations
The protocol for the present study was approved by the Ethics Committee of the Second Affiliated Hospital of Harbin Medical University before the performance of the study. A predefined study protocol was registered with the Chinese Clinical Trial Registry (ChiCTR-TRC-14004628). Written informed consent forms were signed by all of the included patients before enrollment.

Inclusion criteria and study medications
Sixty patients who underwent cardiac surgery with CPB in our center between November 1, 2018 and February 1, 2019 were included. Patients were randomized to the XBJ group or the control group via a protocol similar to that reported in a previous study[11]. A total of 60 balls, which were marked 0 or 1, were kept in a black box. When the patient was prepared for surgery, the anesthetist performed the randomization by choosing a random ball from the box, with 0 and 1 indicating saline and XBJ treatments, respectively. Patients who had severe lung dysfunction or infection, pulmonary hypertension, hypoproteinemia, hepatic or renal dysfunction, or a coagulation disorder were excluded from this study. For the 30 patients allocated to the XBJ group, XBJ for injection via photophobic infusion (100 mL, Tianjin Chase Sun Pharmaceutical Group, Tianjin, China)11 was administered 12 h before surgery, at the beginning of the surgery and 12 h after the second injection. For the other 30 patients allocated to the control group, intravenous infusions of saline (100 mL) were applied at the same time points, both via photophobic infusion (Qiaopai Group, Zibo, Shandong, China). An anesthesiologist who was not aware of the allocation performed the anesthesia for all patients. To minimize the influence of the operation on the outcomes in this study, all surgeries were performed by the same surgical team (Figure 1).

Anesthesia and CPB process
The standardized anesthesia and operative procedures were administered for all patients. Angiotensin-converting enzyme inhibitors and angiotensin II antagonists were discontinued before surgery, while the other preoperative cardiac medications were administered until the morning of surgery. Midazolam (0.2 mg/kg) was orally administered to the patients 30 min before the operation. In the operating room, a peripheral vein was cannulated, and a mixture of crystal and colloidal solution (1:2) was injected at 8 mL/kg/h. A radial artery of each patient was cannulated to monitor blood pressure and for arterial blood gas analysis. Anesthesia was induced with combined application of lidocaine (1 mg/kg), fentanyl (10 μg/kg), pipecuronium (0.05 mg/kg), and etomidate (0.2 mg/kg). After intubation, the right internal carotid artery was cannulated to monitor the central venous pressure (CVP) and for cardiac drug infusion. Volume-controlled ventilation (fraction of inspired oxygen 80% ± 5%, tidal volume 8 mL/kg, respiratory rate 10–12 /min, inspiratory to expiratory ratio 1:2) was applied as the model of mechanical ventilation before CPB. The anesthesia was maintained with sevoflurane (1.5%) and fentanyl (10 μg/kg/h) and changed to propofol (5 mg/kg/h) and fentanyl during CPB before being returned to sevoflurane and fentanyl. The surgical procedure was performed with the pH, arterial CO2 tension (PaCO2), and arterial oxygen tension (PaO2) maintained within ranges of 7.35–7.45, 35–40 mmHg, and > 150 mmHg, respectively.
After surgery, all of the patients were observed in the intensive care unit (ICU), where the third injection of XBJ or saline was applied. The standard cardiovascular medications and mechanical ventilation support were applied as needed. Weaning from the ventilator was attempted if the patients were considered hemodynamically and respiratorily stable according to the following parameters: PaO2/FiO2 ratio > 200 mmHg, acid–base balance, chest drainage < 80 mL/h, and body temperature ≥ 36°C.

Arterial blood gas analysis
Arterial blood gas analysis was performed before the first injection of XBJ (baseline) and 0, 12, 24 and 48 h after the surgery. The PaO2/FiO2 ratio was calculated. Peripheral blood samples were collected at the same time points. 

Measurement of markers of cardiac injury, inflammation, and oxidative stress
Troponin (Tn)I and creatine kinase fraction MB (CK‑MB) concentrations in serum were determined using ELISA (Boster, Wuhan, China). Markers of inflammation, including serum concentrations of tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-8, and IL-10 were also measured with ELISA (Sigma–Aldrich, St. Louis, MO, United States). We also determined the circulating levels of 8-isoprostane (Cayman Chemicals, Ann Arbor, MI, United States) and malondialdehyde (MDA) (Nanjing Jiancheng, Nanjing, China) as markers of oxidative stress using commercial kits. 

Outcomes
The primary outcome of the study was the change in TnI value from the beginning of anesthesia to 48 h after surgery. In addition, the incidences of clinical outcomes including myocardial infarction, cardiac stunning, acute respiratory distress syndrome (ARDS), and acute kidney injury (AKI) were recorded.

Sample size calculation
To detect a 2 ng/mL reduction in TnI within 48 h after surgery between two groups, a total of 50 patients are needed with a power of 80% and an a level of 0.05. We included 30 patients in each group (rather than 25) after assuming the potential rate of loss during follow-up.

Statistical analyses
Continuous data that were normally distributed were presented as mean ± SD and compared with the independent t test. Data for categorical variables were presented as numbers and proportions, and these data were compared via Chi-square analysis. For continuous variables that were measured at multiple time points, repeated-measures analysis of variance was applied with Bonferroni’s correction as post hoc analysis. P < 0.05 was considered statistically significant. We used SPSS software (Chicago, IL, United States) for the above statistical analyses.

RESULTS
In the present study, a total 60 patients were enrolled, and no patient was excluded. All the patients were successfully weaned from CPB and transferred to the ICU. There were no significant differences in the demographic data between the XBJ and control groups (Table 1). In addition, no significant differences were found regarding the characteristics of CPB and surgery, including CPB time, aortic cross clamp time, surgical duration, and quantity of potassium cardioplegic solution used. Patients from the XBJ and control groups received a similar volume of perioperative fluid infusion, had similar urine volumes, and consumed similar amounts of vasoactive medications during the surgery (P > 0.05, Table 1).
Although the serum concentrations of TnI and CK-MB were comparable between patients in the two groups at baseline (P > 0.05), the serum concentrations of both biomarkers of cardiac injury were elevated in both groups after surgery. However, the serum concentrations of TnI and CK-MB were significantly lower in patients in the XBJ group than in those of the saline group after surgery (P < 0.05).
The perioperative hemodynamic variables, including mean arterial pressure (MAP) and CVP, were similar between the two groups. There also were no significant differences in the results of arterial blood analysis between the two groups except for PaO2/FiO2, which was increased significantly from 12 to 72 h after surgery in the XBJ group compared with the levels in the control group (P < 0.05, Table 2). Although the baseline ejection fraction in patients from both groups was similar, the ejection fraction after surgery was significantly higher in the XBJ group than in the control group (P < 0.05, Table 2). In addition, treatment with XBJ was associated with a significantly shorter length of ICU stay and time from operation to discharge compared with those in the saline group (both P < 0.05, Table 2).
Compared with those at baseline, all serum biomarker levels were increased significantly in the two groups. The circulating concentrations of TNF-α, IL-1β and IL-8 in the XBJ group were significantly lower than those in the control group (all P < 0.05, Table 3), whereas the circulating concentration of IL-10 was significantly greater in the XBJ group (P < 0.05, Table 3). No severe complications such as myocardial infarction, acute kidney failure, cerebrovascular accidents, or mortality were found during ICU stay.

DISCUSSION
In the present study, we found that XBJ significantly reduced myocardial injury in patients undergoing CPB, as demonstrated by the significantly lower levels of markers of myocardial injury, including TnI and CK-MB, as well as the preserved cardiac ejection fraction in patients in the XBJ group as compared with those in the control group. The benefit of XBJ against myocardial injury was accompanied by reduced serum concentrations of inflammatory markers, including TNF-α, IL-1β and IL-8, and an increase in the concentration of the anti-inflammatory factor IL-10. These results suggest that perioperative administration of XBJ is associated with attenuated cardiac injury during the CPB process, likely via anti-inflammatory and antioxidative mechanisms. 
During the process of CPB and cardiac surgery, systemic inflammation and ischemia/reperfusion induced by these procedures contribute to cardiac injury[12,13]. Previous studies showed that myocardial injury is an independent risk factor for poor prognosis among patients who undergo cardiac surgery[5,14]. Although some agents have been proposed to exert a cardiac protective role in CPB, novel preventive agents targeting multiple potential mechanisms of CPB-related myocardial injury remain to be developed[15,16]. XBJ had been shown to exert a therapeutic effect against systemic inflammation in the treatment of pneumonia and sepsis[6,7]. Our previous clinical study demonstrated that XBJ attenuates local and systemic inflammation and improves the postoperative respiratory function in patients undergoing CPB[11]. These results confirmed the anti-inflammatory activity of XBJ in patients undergoing CPB. Because inflammation plays a key role in the pathogenesis of cardiac injury during CPB, we hypothesized that perioperative application of XBJ could at least attenuate cardiac injury after CPB. This hypothesis was confirmed by the present findings of significantly lower levels of markers of myocardial injury, including TnI and CK-MB, and preserved cardiac ejection fraction in patients in the XBJ group compared with those in the control group.
In addition to CBP-induced systematic inflammation, the cardiac surgery itself may also directly cause myocardial injury, which also can be represented by elevated serum levels of TnI and CK-MB[17-19]. In the present study, we found that XBJ significantly decreased the postoperative serum TnI and CK-MB levels. Moreover, XBJ also preserved the cardiac output postoperatively. These results indicate that XBJ ameliorated cardiac injury and improved cardiac function after CPB. Previous studies showed that CPB-induced inflammation, in which neutrophils, macrophages and monocytes secrete proinflammatory factors such as TNF-α, IL-1, IL-6, and IL-8, influences postoperative morbidity and mortality[1]. TNF-α and IL-1 are early mediators of inflammation as they initiate the local inflammatory response[20], while other inflammatory factors such as IL-6 and IL-8 are believed to contribute to systemic inflammation after CPB. A strong association between inflammatory cytokine levels and adverse clinical outcomes after CPB has been observed[21]. Increased levels of IL-6 and IL-8 have been proven to be positively correlated with TnI level, myocardial injury and mortality after CPB[21,22]. In the present study, we found that XBJ significantly reduced the levels of proinflammatory factors after CPB, which is consistent with our previous studies[7,9,11]. We also found that XBJ increased the level of the anti-inflammatory factor IL-10. A previous study showed that XBJ may regulate the inflammatory response via its inhibition of nuclear factor (NF)-κB[23]. However, the exact mechanisms underlying the potential regulatory effects of XBJ on the inflammatory response remain to be determined. 
In addition to inflammation, the production of reactive oxygen species (ROS) induced by IRI has been considered an important contributor to cardiac injury during CPB[4,24]. Previous studies suggested that the cardiac injury resulted from ROS initiation of local cardiac inflammation, which then led to further oxidative-stress-mediated heart injury[25,26]. It has been confirmed that the circulating level of 8-isoprostane, the final product of lipid peroxidation, correlates directly with the tissue damage caused by ROS. The circulating level of 8-isoprostane has been shown to be a reliable indicator of cardiac oxidative stress in myocardial infarction[27] as well as coronary reperfusion[26], and this relationship is also associated with the elevation of TnI[28]. In the present study, we found the XBJ significantly decreased the serum levels of 8-isoprostane and MDA, and these results were consistent with previous studies[29,30], which demonstrated the potential antioxidative efficacy of XBJ. The mechanisms underlying the antioxidative efficacy of XBJ were proposed to be related to its regulation of the inducible nitric oxide synthase, superoxide dismutase[29] and oxidized glutathione activity[29].
Our study had some limitations. We have not observed long-term results, and we have not discussed in depth the mechanism of action of the drug.

CONCLUSION
The results of our study indicate that perioperative administration of XBJ is associated with attenuated cardiac injury during CPB, and this effect is likely the result of the anti-inflammatory and antioxidative activities of XBJ.

ARTICLE HIGHLIGHTS
Research background
Cardiopulmonary bypass (CPB) provides good perioperative protection for patients undergoing cardiac surgery. However, perioperative cardiac injury related to CPB remains a severe complication in these patients and affects their prognosis.

Research motivation
Inflammation and oxidative stress play an important role in the CPB-related heart injury, and clinical observations have confirmed the protective effect of Xuebijing injection (XBJ) on multiple organs against inflammatory damage.

Research objectives
To evaluate the potential efficacy of XBJ on cardiac injury during CPB. 

Research methods
Sixty patients who underwent cardiac surgery with CPB in our center between November 1, 2018 and February 1, 2019 were included. XBJ was injected intravenously 3 times: 12 h before the operation, at the beginning of the operation, and 12 h after the second injection. The heart function was assessed by echocardiography 48 h after the operation. Markers related to circulatory inflammation and oxidative stress were measured and clinical results at intensive care unit (ICU) were recorded.

Research results
All the 60 patients were successfully weaned from CPB and transferred to the ICU. Compared to the control group, XBJ improved PaO2/FiO2 and cardiac systolic function, but reduced troponin I and creatine kinase fraction after surgery (all P < 0.05). Moreover, the circulating concentrations of TNF-α, IL-1β and IL-8 in the XBJ group were significantly lower than those in the control group (all P < 0.05), whereas the circulating concentration of IL-10 was significantly higher in the XBJ group (P < 0.05). In addition, the lengths of ICU stay and hospitalization after surgery tended to be shorter in the XBJ group than in the control group, although the differences were not statistically significant.

Research conclusions
Perioperative administration of XBJ was associated with attenuated cardiac injury during the CPB surgery, likely via anti-inflammation– and anti-oxidation–related mechanisms. 

Research perspectives
Further research is required with more meaningful data to accurately evaluate the efficacy of XBJ on cardiac injury during CPB, and clarify the mechanism of action of XBJ.
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Figure 1 CONSORT flow diagram of patient enrollment.

Table 1 Baseline characteristics of patients allocated to the Xuebijing injection and control (saline) groups
	
	Saline group (n = 30)
	XBJ group (n = 30)
	P value

	Age (yr)
	57.4 ± 5.3
	56.8 ± 6.2
	0.69

	Male
	18
	20
	

	Weight (kg)
	63.6 ± 5.8
	65.4 ± 5.6
	0.22

	Diabetes mellitus (n)
	5
	7
	0.44

	Preoperative LVEF (%)
	51.7 ± 8.5
	52.5 ± 7.6
	0.71

	Ejection fraction
	50.2 ± 3.2
	50.3 ± 3.8
	0.91

	Preoperative medications (n)
	
	
	

	β-blockers
	8
	6
	0.54

	Calcium channel blockers
	5
	7
	0.52

	Renin angiotensin system inhibitors
	5
	3
	0.44

	Statin
	4
	2
	0.39

	Digoxin
	6
	8
	0.54

	Diuretics
	16
	19
	0.43

	Surgical procedure (n)
	
	
	

	Aortic valve replacement
	8
	11
	0.40

	Mitral valve replacement
	10
	9
	0.78

	Tricuspid annuloplasty
	12
	10
	0.59

	Pulmonary function test
	
	
	

	FVC; % predicted
	82.8 ± 7.4
	81.9 ± 8.1
	0.65

	Operation time (min)
	257 ± 38
	271 ± 41
	0.17

	CPB time (min)
	104 ± 31
	111 ± 27
	0.35

	Intraoperative fluid balance (mL)
	2138 ± 348
	2215 ± 387
	0.42


Data are expressed as mean ± SD (normally distributed data) or median (interquartile range). Chi-square analysis was used for categorical variables, independent t test for normally distributed data. FVC: Forced vital capacity; LVEF: Left ventricular ejection fraction; XBJ: Xuebijing injection.
 
Table 2 Comparison of postoperative outcomes between the Xuebijing injection and control (saline) groups
	
	Saline group
(n = 30)
	XBJ group
(n = 30)
	P value

	Ejection fraction (day 2)
	42.2 ± 2.7
	46.3 ± 3.7
	0.001

	Mechanical ventilation time (h)
	10.5 ± 2.6
	8.9 ± 1.7
	0.006

	Length of ICU stay (h)
	31.6 ± 5.2
	28.9 ± 4.4
	0.034

	Time from surgery to discharge (d)
	12.5 ± 3.8
	10.7 ± 2.6
	0.032

	ARDS (n)
	3
	4
	0.687


Data are expressed as mean ± SD (normally distributed data) or median (interquartile range). Chi-square analysis was used for categorical variables, independent t test for normally distributed data. ARDS: acute respiratory distress syndrome; ICU: Intensive care unit; XBJ: Xuebijing injection.
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Table 3 Comparison of dynamic changes in respiratory function and inflammation- and oxidative stress-related markers during the perioperative periods between the Xuebijing injection and control groups
	Group
	Baseline
	0 h
	12 h
	24 h
	48 h

	PaO2/FiO2
	Saline
	398.40 ± 22.66
	361.92 ± 48.62
	258.93 ± 39.03
	320.64 ± 46.43
	341.44 ± 35.28

	
	XBJ
	387.12 ± 35.77
	358.48 ± 39.21
	289.40 ± 44.07a
	353.34 ± 31.54a
	379.08 ± 22.54a

	CK-MB
	Saline
	0.26 ± 0.07
	0.71 ± 0.12
	2.74 ± 0.48
	4.25 ± 0.83
	1.95 ± 0.62

	
	XBJ
	0.26 ± 0.08
	0.58 ± 0.12
	2.27 ± 0.33a
	3.02 ± 0.44a
	1.09 ± 0.37a

	TnI
	Saline
	0.02 ± 0.01
	1.45 ± 0.28
	8.01 ± 1.13
	13.03 ± 2.56
	4.03 ± 0.92

	
	XBJ
	0.02 ± 0.01
	1.38 ± 0.93
	4.77 ± 0.76a
	8.29 ± 1.73a
	3.16 ± 0.43a

	TNF-α
	Saline
	13.51 ± 4.19
	71.18 ± 29.21
	147.36 ± 43.84
	226.31 ± 60.22
	122.48 ± 55.18

	
	XBJ
	15.61 ± 4.51
	70.69 ± 27.24
	125.64 ± 34.44a
	173.61 ± 40.03a
	99.96 ± 33.37a

	IL-1β
	Saline
	16.98 ± 4.14
	32.95 ± 9.05
	92.31 ± 18.45
	78.43 ± 17.54
	62.71 ± 15.40

	
	XBJ
	13.13 ± 4.22
	28.23 ± 6.24
	77.25 ± 9.16a
	66.15 ± 12.18a
	43.60 ± 13.33a

	IL-8
	Saline
	831.36 ± 136.86
	1002.73 ± 180.26
	1530.90 ± 235.96
	1400.83 ± 268.85
	1134.86 ± 211.41

	
	XBJ
	767.30 ± 155.86
	960.43 ± 187.49
	1369.93 ± 244.21a
	1251.76 ± 240.81a
	984.86 ± 184.43a

	IL-10
	Saline
	90.60 ± 15.82
	121.96 ± 18.15
	167.41 ± 18.54
	152.53 ± 33.94
	121.26 ± 20.73

	
	XBJ
	87.27 ± 20.83
	123.30 ± 18.31
	176.72 ± 27.91
	166.97 ± 21.94a
	131.87 ± 19.52a

	MDA
	Saline
	0.11 ± 0.08
	0.49 ± 0.19
	0.14 ± 0.09
	0.11 ± 0.08
	0.11 ± 0.10

	
	XBJ
	0.09 ± 0.04
	0.31 ± 0.12a
	0.13 ± 0.11
	0.10 ± 0.06
	0.10 ± 0.04

	8-Isoprostane
	Saline
	1.84 ± 0.46
	8.31 ± 0.76
	6.29 ± 0.75
	3.25 ± 0.52
	1.83 ± 0.36

	
	XBJ
	2.00 ± 0.55
	6.63 ± 0.88a
	6.29 ± 0.75
	3.24 ± 0.51
	1.84 ± 0.53


aP < 0.05. For continuous variables that were measured at multiple time points, repeated-measures analysis of variance was applied with Bonferroni’s correction as post-hoc analysis. PaO2: Arterial oxygen tension; FiO2: Fraction of inspired oxygen; CK-MB: Creatine kinase isoenzyme MB; TnI: Troponin I; TNF-α: Tumor necrosis factor-α; IL: interleukin; MDA: Malondialdehyde.
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