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Abstract
BACKGROUND 
Major adverse cardiac events (MACE) in elderly patients with biliary diseases are 
the main cause of perioperative accidental death, but no widely recognized 
quantitative monitoring index of perioperative cardiac function so far.

AIM 
To investigate the critical values of monitoring indexes for perioperative MACE in 
elderly patients with biliary diseases.

METHODS 
The clinical data of 208 elderly patients with biliary diseases in our hospital from 
May 2016 to April 2021 were retrospectively analysed. According to whether 
MACE occurred during the perioperative period, they were divided into the 
MACE group and the non-MACE group.

RESULTS 
In the MACE compared with the non-MACE group, postoperative complications, 
mortality, hospital stay, high sensitivity troponin-I (Hs-TnI), creatine kinase 
isoenzyme (CK-MB), myoglobin (MYO), B-type natriuretic peptide (BNP), and D-
dimer (D-D) levels were significantly increased (P < 0.05). Multivariate logistic 
regression showed that postoperative BNP and D-D were independent risk factors 
for perioperative MACE, and their cut-off values in the receiver operating charac-
teristic (ROC) curve were 382.65 pg/mL and 0.965 mg/L, respectively.

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v10.i20.6865
mailto:zhangzongming@mail.tsinghua.edu.cn
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CONCLUSION 
The postoperative BNP and D-D were independent risk factors for perioperative MACE, with the 
critical values of 382.65 pg/mL and 0.965 mg/L respectively. Consequently, timely monitoring 
and effective maintenance of perioperative cardiac function stability are of great clinical 
significance to further improve the perioperative safety of elderly patients with biliary diseases.

Key Words: Biliary diseases in elderly patients; Major adverse cardiac events; Perioperative safety; Logistic 
regression; Receiver operating characteristic curve

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study focused on high-risk elderly patients with biliary diseases, and determined the 
monitoring indexes of perioperative major adverse cardiac events (MACE) by a logistic multivariate 
prediction model. It was found that postoperative BNP and D-dimer (D-D) were independent risk factors 
for perioperative MACE, with the critical values of 382.65 pg/mL and 0.965 mg/L, respectively. 
Therefore, timely monitoring, effective prevention and treatment measures are of great clinical 
significance to maintain the stability of perioperative cardiac function, and further improve the periop-
erative safety of elderly patients with biliary diseases.

Citation: Zhang ZM, Xie XY, Zhao Y, Zhang C, Liu Z, Liu LM, Zhu MW, Wan BJ, Deng H, Tian K, Guo ZT, 
Zhao XZ. Critical values of monitoring indexes for perioperative major adverse cardiac events in elderly patients 
with biliary diseases. World J Clin Cases 2022; 10(20): 6865-6875
URL: https://www.wjgnet.com/2307-8960/full/v10/i20/6865.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i20.6865

INTRODUCTION
Biliary diseases are common in elderly patients[1], with the clinical characteristics of poor surgical 
tolerance, high surgical risk, more postoperative complications and high mortality[2,3]. Studies have 
suggested that major adverse cardiac events (MACE) in elderly patients with biliary diseases are the 
main cause of perioperative accidental death[4,5]. Therefore, timely monitoring and effective 
maintenance of perioperative cardiac function stability are of great significance in order to avoid the 
occurrence and development of MACE.

At present, the commonly used method for the clinical assessment of cardiac function is the New 
York Heart Association cardiac functional classification[6,7], which mainly divides cardiac function into 
four grades according to the patient's symptoms and activity ability. However, it is greatly affected by 
subjective factors such as doctors' personal judgment and patients' self-conscious symptoms, and there 
are some defects in its objectivity, accuracy and sensitivity.

MACE is different from heart failure caused by perioperative acute myocardial infarction with 
accidental, symptomatic and physical signs, cardiac dysfunction caused by perioperative myocardial 
injury has common, asymptomatic and physical signs. Perioperative myocardial injury is characterized 
by a lack of symptoms related to myocardial ischemia, can only be detected by troponin level, is closely 
associated with mortality, there are no safe and effective preventive measures and other characteristics
[8], and has received more attention in recent years[9].

With the development of high-sensitivity troponin (Hs-TnI) for early diagnosis of perioperative acute 
myocardial infarction, etiological identification of perioperative myocardial injury and other related 
research[10], more biomarkers have been identified for use in cardiac risk assessment[11,12], but there is 
no widely recognized quantitative monitoring index of perioperative cardiac function[13,14].

The purpose of this study was to explore the critical values of the quantitative monitored indexes of 
perioperative cardiac and coagulation functions, so as to take effective prevention and treatment 
measures in time to maintain the stability of cardiac function to further improve the perioperative safety 
of elderly patients with biliary diseases.

MATERIALS AND METHODS
Clinical data 
A retrospective case–control study of elderly patients with biliary diseases treated in the Department of 
General Surgery, Beijing Electric Power Hospital, State Grid Corporation of China, Capital Medical 

https://www.wjgnet.com/2307-8960/full/v10/i20/6865.htm
https://dx.doi.org/10.12998/wjcc.v10.i20.6865
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University was carried out between May 2016 and April 2021. According to whether MACE occurred 
during the perioperative period, the patients were divided into the MACE group and the non-MACE 
group.

MACE diagnostic criteria were as follows[15]: Acute myocardial infarction (AMI), heart failure or 
pulmonary edema, ventricular fibrillation, cardiac arrest, and complete heart block, which occurred 
from the beginning of anesthesia induction to 30 days after surgery.

Inclusion criteria: (1) Age ≥ 60 years; (2) Definite diagnosis of biliary disease; (3) No uncontrollable 
cardiac and pulmonary insufficiency; (4) Complete preoperative and postoperative data on cardiac and 
coagulation functions; and (5) Patients and their families signed the informed consent for surgery.

Exclusion criteria: (1) Age < 60 years; (2) Incomplete preoperative and postoperative data on cardiac 
and coagulation functions; and (3) American Society of anesthesiologists grade IV and above.

The study was approved by the Ethics Committee of Beijing Electric Power Hospital, State Grid 
Corporation of China, Capital Medical University, with the approval number of KY-2018-101-01-X.

Monitoring indexes 
The indexes monitored were as follows: (1) Clinical data: age, gender, disease type, surgical method, 
intraoperative blood loss, operation time, postoperative hospital stay, postoperative complications, 
treatment effect; (2) Postoperative cardiac functions: high sensitivity troponin-I (Hs-TnI), creatine kinase 
isoenzyme (CK-MB), myoglobin (MYO), B-type natriuretic peptide (BNP), left ventricular ejection 
fraction (LVEF); and (3) Postoperative coagulation functions: Activated partial thromboplastin time 
(APTT), prothrombin time (PT), fibrinogen (FIB), and D-D.

Detection methods 
The patients underwent regular collection of venous blood during the three preoperative days and on 
the first postoperative day, the concentrations of Hs-TnI, CK-MB, MYO and BNP were detected by the 
Abbott i2000 Automated Chemiluminescence Analyzer, the concentrations of APTT, PT, FIB and D-D 
were detected by the ACL-TOP700 Automatic Coagulation Analyzer of the American Wolfen Instru-
mentation Laboratory.

LVEF was detected by a Philips EPIQ7 Color Doppler Ultrasound during the three preoperative days.

Statistical analysis
SPSS version 21.0 was used for statistical analysis. If normal distribution was satisfied, the Student’s t-
test was used for comparison between two independent samples. When the variance was uneven, the 
corrected t-test was used. If the data were not normally distributed, they were expressed by the median 
and quartile spacing (P25–P75) and compared by the Mann–Whitney U rank sum test. Continuity 
correction or Fisher’s exact probability test was used for results that did not satisfy the conditions. 
Logistic regression was used to analyze the independent risk factors of perioperative MACE, the cut-off 
value of the ROC curve was calculated, and the logistic multivariate prediction model was established.

RESULTS
Clinical data
From May 2016 to April 2021, 851 patients with biliary diseases were surgically treated, including 438 
elderly patients, and 208 met the inclusion criteria.

In the MACE (9 cases) compared with the non-MACE (199 cases) group, postoperative hospital stay, 
postoperative complications and mortality were significantly increased (P < 0.05). There were no 
significant differences in age, gender, disease type, surgical method, intraoperative blood loss, and 
operation time between the two groups (P > 0.05), as shown in Table 1.

Distribution of perioperative MACE 
Among the 208 elderly patients with biliary diseases, MACE occurred in 9 cases (4.32%, 9/208) 
underwent laparoscopic cholecystectomy (LC) during the perioperative period, including 5 cases of 
AMI, 2 cases of congestive heart failure, and 2 cases of cardiac arrest. Among them, 7 cases were cured, 
one 71-year-old female patient with acute gangrenous cholecystitis died of AMI in the 14th LC 
postoperative day, another 64-year-old female case with acute calculous cholecystitis died of cardiac 
arrest for the type of electrocardio mechanical separation in the 12th LC postoperative day.

Two patients had a history of coronary heart disease in the MACE group, and 55 cases had a history 
of coronary heart disease in the non-MACE group, with no significant difference between the two 
groups (χ2 = 0, P = 1.000).

Five patients had a history of hypertension in the MACE group, and 112 cases had a history of 
hypertension in the non-MACE group, with no significant difference between the two groups (χ2 = 0, P 
= 1.000).



Zhang ZM et al. Critical values of monitoring indexes for perioperative MACE

WJCC https://www.wjgnet.com 6868 July 16, 2022 Volume 10 Issue 20

Table 1 Comparative analysis of clinical data between major adverse cardiac events and non-major adverse cardiac events group in 
elderly patients with biliary diseases (mean ± SD)

MACE (n = 9) Non-MACE (n = 199) t/Z/χ2 value P/F value

Age (yr) 76.6 ± 8.6 72.1 ± 8.5 1.559 0.121

Gender 0.738

Men 5 93

Women 4 106

Disease type 1.000

A 7 145

B 8 174

C 0 15

Operation method 0.585

Laparoscopy 8 181

Laparotomy 1 18

Intraoperative blood loss (mL) 56.7 ± 60.2 41.5 ± 81.9 0.547 0.585

Operation time (min) 132.0 ± 78.3 94.5 ± 57.9 1.872 0.063

Postoperative hospital stay (d) 16.0 ± 9.8 9.4 ± 6.3 2.982 0.003

Postoperative complicationsa -2.828 0.005

I 0 26

II 1 15

III 1 3

IV 5 32

V 2 0

Treatment effect 0.002

Cure 7 199

Death 2 0

aClavien-Dindo classification of postoperative complications. A: Cholelithiasis; B: Biliary inflammation; C: Biliary tumor; MACE: Major adverse cardiac 
events.

There were no significant differences in preoperative LVEF (t = -0.341, P = 0.734) between the MACE 
group (63.449 ± 3.865%) and the non-MACE group (63.000 ± 3.969%).

Univariate logistic regression analysis
The Hs-TnI, CK-MB, MYO, D-D, and PT levels were significantly increased in the postoperative group 
compared with those in the preoperative group (P < 0.05), but no significant differences in the APTT 
and FIB levels were observed between the two groups (P > 0.05), as shown in Table 2.

Postoperative Hs-TnI, CK-MB, MYO, BNP and D-D levels were significantly increased in the MACE 
group compared with those in the non-MACE group (P < 0.05), but no significant differences in 
postoperative APTT, PT, and FIB levels were observed between the two groups (P > 0.05), as shown in 
Table 3.

Multivariate logistic regression analysis
The indicators with statistically significant differences in Table 3 were analyzed by multivariate logistic 
regression, which showed that postoperative BNP and D-D were independent risk factors for MACE 
during the perioperative period, the P values were 0.046 and 0.042, OR values were 1.003 and 2.338, and 
95%CI were 1.000-1.005 and 1.033-5.290, respectively, as shown in Table 4.

Logistic multivariate prediction model 
Based on multivariate logistic regression analysis, it was suggested that postoperative BNP and D-D 
levels were related to the occurrence of perioperative MACE in elderly patients with biliary diseases. 
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Table 2 Comparison of monitoring indexes of between the preoperative and postoperative cardiac and coagulation functions in elderly 
patients with biliary diseases [M (P25, P75)]

Item Preoperative (n = 208) Postoperative (n = 208) Z P value

HsTn-I (ng/mL) 0.004 (0.002, 0.008) 0.005 (0.003, 0.010) -2.345 0.019

CKMB (ng/mL) 0.700 (0.500, 1.200) 0.800 (0.500, 1.200) -2.214 0.027

MYO (ng/mL) 46.700 (30.875, 72.400) 67.850 (41.975, 114.55) -5.591 0.000

BNP (pg/mL) 76.700 (44.950, 134.525) 152.500 (94.450, 302.675) -8.777 0.000

D-D (mg/L) 0.330 (0.160, 0.683) 0.510 (0.260, 1.025) -3.890 0.000

APTT (sec) 31.100 (28.950, 32.900) 30.700 (28.400, 32.700) -1.512 0.130

PT (sec) 11.900 (11.100, 13.000) 12.300 (11.600, 13.425) -3.083 0.002

FIB (g/L) 3.710 (3.060, 4.683) 3.625 (2.955, 4.460) -1.141 0.254

APTT: Activated partial thromboplastin time; BNP: B-type natriuretic peptide; CK-MB: Creatine kinase isoenzyme; D-D: D-dimer; PT: Prothrombin time; 
FIB: Fibrinogen; Hs-TnI: High sensitivity troponin-I; MYO: Myoglobin.

Table 3 Comparison of monitoring indexes of the postoperative cardiac and coagulation functions between major adverse cardiac 
events and non-major adverse cardiac events group in elderly patients with biliary diseases [M (P25, P75)]

Item MACE group (n = 9) Non-MACE group (n = 199) Z value P value

HsTn-I (ng/mL) 0.034 (0.006, 0.112) 0.005 (0.003, 0.009) -3.078 0.002

CKMB (ng/mL) 2.200 (1.000, 2.500) 0.800 (0.500, 1.150) -2.896 0.004

MYO (ng/mL) 230.300 (60.200, 454.400) 67.200 (41.700, 109.000) -2.013 0.044

BNP (pg/mL) 617.400 (200.200, 931.300) 148.900 (93.450, 289.200) -2.851 0.004

D-D (mg/L) 2.150 (1.060, 2.520) 0.480 (0.250, 0.970) -3.941 0.000

APTT (sec) 34.500 (28.700, 35.800) 30.650 (28.400, 32.475) -1.384 0.166

PT (sec) 12.700 (12.000, 19.200) 12.300 (11.600, 13.400) -1.235 0.217

FIB (g/L) 3.310 (2.850, 3.960) 3.630 (2.965, 4.460) -0.634 0.526

APTT: Activated partial thromboplastin time; BNP: B-type natriuretic peptide; CK-MB: Creatine kinase isoenzyme; D-D: D-dimer; PT: Prothrombin time; 
FIB: Fibrinogen; Hs-TnI: High sensitivity troponin-I; MYO: Myoglobin; MACE: Major adverse cardiac events.

Table 4 Multivariate logistic regression analysis of monitoring indexes of the postoperative cardiac and coagulation functions in elderly 
patients with biliary diseases

Item SE Wald P value OR 95%CI

BNP 0.003 0.001 3.983 0.046 1.003 1.000-1.005

Hs-TnI 1.781 4.499 0.157 0.692 5.934 0.001-40088.202

D-D 0.849 0.417 4.154 0.042 2.338 1.033-5.290

CKMB 0.025 0.300 0.007 0.934 1.025 0.569-1.847

MYO 0.000 0.002 0.021 0.884 1.000 0.996-1.005

Constant -5.312 0.893 35.403 0.000 0.005

BNP: B-type natriuretic peptide; CK-MB: Creatine kinase isoenzyme; D-D: D-dimer; Hs-TnI: High sensitivity troponin-I; MYO: Myoglobin.

The logistic multivariate prediction model established by the logistic regression equation was P = ex/(1+
ex), X = -5.312 + 0.003X1 + 0.849X2, where X1 was the postoperative BNP level and X2 was the 
postoperative D-D level. Taking the predictive probability value of 0.5 as the junction point, > 0.5 
indicated that patients would develop MACE after surgery, and < 0.5 indicated that patients would not 
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develop MACE after surgery. The above data were included into the logistic multivariate prediction 
model, and the results showed that the accuracy, specificity and sensitivity for predicting perioperative 
MACE in elderly patients with biliary diseases were 96.6% (201/208), 100.0% (199/199) and 22.2% (2/9).

ROC curve 
Based on the results of multivariate logistic regression, the ROC curve showed that the area under the 
curve of postoperative BNP and D-D levels for predicting perioperative MACE was 0.781 and 0.889, 
respectively, the cut-off values for BNP and D-D in the ROC curve were 382.65 pg/mL and 0.965 mg/L, 
95%CI were 0.596-0.966 and 0.819-0.959, respectively, the sensitivity and specificity of BNP were 66.7% 
and 83.9%, respectively, and the sensitivity and specificity of D-D were 100% and 74.9%, respectively, as 
shown in Figure 1.

DISCUSSION
According to the latest information released by the National Bureau of Statistics of P. R. China, by the 
end of 2021, the elderly population aged 60 years and above reached 267.36 million, accounting for 
18.9% of the total population, indicating that China has a rapidly aging society. With accelerated aging 
of the population, the number of elderly patients undergoing surgery is increasing. As elderly patients 
often have complications such as hypertension, coronary heart disease, diabetes and other diseases, the 
incidence of perioperative cardiovascular complications has increased significantly[16], especially in 
elderly patients over 70 years old[17].

Perioperative MACE refers to unstable angina pectoris, cardiac death, AMI, congestive heart failure, 
severe arrhythmia, non fatal cardiac arrest, etc. during and within 30 days after operation[18], which is 
the main cause of serious complications and even death in non-cardiac surgery patients during the 
perioperative period. Large scale research results have shown that the incidence of perioperative 
myocardial infarction in patients undergoing non-cardiac surgery is 0.3%-16%, accounting for 12%-40% 
of the mortality of hospitalized patients[9]. It has been reported that the perioperative risk factors in 
elderly patients undergoing non-cardiac surgery include coronary heart disease, coronary artery 
intervention and bypass surgery, heart valve disease, arrhythmia, preoperative LVEF < 50%, major 
surgery, long anesthesia time, increased preoperative high-sensitivity C-reactive protein and BNP, etc
[16].

Perioperative acute myocardial infarction is an accidental cardiac event with symptoms and signs of 
myocardial ischemia and is life-threatening. It occurs within the first 3 d after non-cardiac surgery, and 
up to 1/3 of patients have ST-segment elevation myocardial infarction (STEMI), with a mortality rate as 
high as 30% within 30 d of surgery[19]. It was recently reported[20] that the incidence of perioperative 
acute myocardial infarction in non-cardiac surgery patients aged 45 years and above was approximately 
0.02%, which increased significantly with age, and mostly occurred within 48 h after surgery.

Perioperative myocardial injury is a common myocardial injury, which lacks myocardial ischemia 
symptoms, can only be detected by troponin level, is closely related to mortality and there are no safe 
and effective preventive measures. It was reported in an international prospective cohort study, 
involving 15065 hospitalized patients aged 45 years and above undergoing non-cardiac surgery, with 
troponin T ≥ 0.03 ng/mL as the diagnostic criterion of perioperative myocardial injury, and without 
cardiac troponin elevation caused by non-cardiogenic diseases (such as sepsis, pneumonia, pulmonary 
embolism, renal failure, etc[21]), that the incidence of perioperative myocardial injury was as high as 8% 
and was associated with 30-d mortality[22].

As MACE is the main cause of perioperative death in elderly patients with biliary diseases, it is of 
great significance to actively carry out perioperative cardiac function evaluation to understand the 
condition, guide treatment, evaluate the curative effect and estimate prognosis[23].

A number of cardiac function evaluations have been carried out and constantly improved[7,24,25], 
such as the New York Heart Association functional classification, echocardiography, cardiac magnetic 
resonance imaging, cardiac computed tomography, biomarkers of myocardial injury, biomarkers of 
heart failure, gated single photon emission computed tomography myocardial perfusion imaging, and 
other examination methods, but so far there is no clear simple, objective and reliable quantitative index 
for perioperative cardiac function evaluation in elderly patients.

In this study, the monitoring indexes of cardiac function were used to evaluate myocardial ischemia 
and injury, with the principle of selection as follows: Hs-TnI, CK-MB and MYO as biomarkers of 
myocardial injury[26,27], BNP as a biomarker of heart failure, and LVEF as an index of left ventricular 
function. Hs-TnI is a myocardial enzyme, which is present in the cytoplasm of myocardial cells. When 
myocardial injury occurs, Hs-TnI can be released into the blood, with its concentration change reflecting 
the degree of myocardial injury, and is one of the best biomarkers for the diagnosis of myocardial injury
[10]. Therefore, Hs-TnI is of great significance for the early diagnosis of AMI, and has become the "gold 
standard" for the diagnosis of myocardial damage, especially MI[28]. CK-MB is another myocardial 
enzyme, with a relatively high specificity for the diagnosis of myocardial injury and MI, and is helpful 
in predicting the size of MI, and its dynamic elevation can be used as one of the diagnostic indexes of 
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Figure 1  Receiver operating characteristic curve of the postoperative B-type natriuretic peptide and D-dimer levels in evaluating 
perioperative major adverse cardiac events in elderly patients with biliary diseases.

AMI. MYO is also a myocardial enzyme, which can be used as a sensitive indicator in the early 
diagnosis of AMI, and is widely used in the early diagnosis and differential diagnosis of AMI. BNP is 
the earliest and most widely used heart failure biomarker synthesized and secreted by ventricular 
myocytes, which not only reflects left ventricular systolic dysfunction, but also reflects left ventricular 
diastolic dysfunction, valve dysfunction and right ventricular dysfunction[29]. BNP level is affected by 
ventricular load and increases with increasing load. LVEF, reflecting myocardial contractility, venous 
return blood volume (preload) and arterial blood pressure (afterload)[30], is used to evaluate left 
ventricular function[31,32].

The relationship between the imbalance of coagulation and the fibrinolysis system and ischemic heart 
disease has received increased attention. Experimental and clinical studies show that thrombosis is an 
important mechanism of acute coronary syndrome[33-35]. In this study, the single photon emission 
computed tomography monitored indexes of coagulation function were used to evaluate the occurrence 
of cardiovascular thrombosis, APTT reflects the endogenous coagulation system function, PT reflects the 
exogenous coagulation system function, and FIB reflects the content of fibrinogen. D-D is a fibrinolysis 
biomarker, and is one of the molecular biomarkers of the hypercoagulable state and hyperfibrinolysis in 
vivo, it can reflect both thrombin activity and fibrinolytic activity; therefore, is as an ideal index for 
evaluating coagulation function and the fibrinolysis system. Inflammation, trauma and stress can 
increase the concentration of D-D, and the concentration significantly increases with the severity of 
coronary heart disease, which is considered to be one of the risk factors for the occurrence and 
development of coronary heart disease.

Cardiac and coagulation functions on the first postoperative day were selected as the monitored 
indices of perioperative MACE in this study, this was because on the one hand, they were significantly 
higher than those during the three preoperative days (Table 2); on the other hand, they not only 
reflected the state of cardiac and coagulation functions before surgery, but also reflected the influence of 
intraoperative trauma and postoperative disease change on the first postoperative day. Following 
multivariate logistic regression analysis, we found that postoperative BNP and D-D were independent 
risk factors for perioperative MACE in elderly patients with biliary diseases. The cut-off values of BNP 
and D-D in the ROC the curve were 382.65 pg/mL and 0.965 mg/L, respectively, which could be used 
as critical values for monitoring perioperative MACE, and could also be of great significance in guiding 
clinical prevention and treatment of perioperative MACE.

Significant Hs-TnI increase: A report[10] showed that if Hs-TnI is more than 7.424 ng/mL, suggesting 
the occurrence of acute STEMI, the patient should be actively treated with thrombolysis (acute STEMI), 
anticoagulation, antiplatelet, lipid-lowering, and symptomatic treatment, and even percutaneous 
coronary intervention (PCI) when necessary[18].

Mild Hs-TnI increase: It is reported[10] that when Hs-TnI is greater than 0.372 ng/mL, indicating the 
possible AMI, the patient should be given isosorbide nitrate injection (Aibei, initial dose of the 
intravenous drip is 30 μg/min), to relax vascular smooth muscle, reduce cardiac preload and oxygen 
consumption. At the same time, clopidogrel bisulfate (75 mg, once daily) and other antiplatelet therapy 
can also be given. Anticoagulant drugs should be added when necessary.

Significant BNP increase: If BNP is more than 400 pg/mL, this suggests that the possibility of heart 
failure is very high. In this study, we found that the postoperative BNP critical value in elderly patients 
with biliary diseases was 382.65 pg/mL, which indicated the occurrence of heart failure, cardiotonic and 
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diuretic agents should be given, and digitalis and other positive inotropic drugs should be administered 
when necessary (relatively forbidden within 72 h of AMF).

Mild BNP increase: According to the literature, 100-400 pg/mL of BNP suggests that there may be 
cardiac insufficiency, and the drug infusion volume and speed should be reduced, and the infusion 
speed could be strictly controlled using an infusion pump.

Significant D-D increase: A significant increase in D-D indicates an increased risk of thrombosis. In 
this study, we found that the postoperative D-D critical value in elderly patients with biliary disease 
was 0.965 mg/L, and patients should be given a subcutaneous injection of low molecular weight 
heparin calcium 0.4 mL or dalteparin sodium 2500 IU, once every 12 h, and oral aspirin enteric coated 
tablets (the first dose of 300 mg, then 100 mg daily) when necessary.

In general, perioperative monitoring of cardiac function in elderly patients is mainly realized through 
intraoperative and postoperative electrocardiography (ECG), blood pressure and central venous 
pressure (CVP) monitoring. For patients whose postoperative BNP is higher than the critical value of 
382.65 pg/mL and D-D is higher than 0.965 mg/L, perioperative cardiac function and coagulation 
function should be dynamically monitored. When abnormalities are found, timely treatment should be 
carried out to ensure perioperative cardiac function.

Routine ECG monitoring, dynamic CVP and urine volume detection in the first 3 days after surgery 
should be carried out, and urine volume per hour should be recorded when necessary to guide the 
volume and speed of postoperative infusion and prevent heart failure caused by excessive and rapid 
infusion. When the signs of AMI are found, thrombolysis, anticoagulation, lipid-lowering and 
symptomatic treatment should be carried out immediately according to the above-mentioned principles, 
and PCI performed when necessary. In the case of heart failure, it should be treated with cardiotonic 
and diuretic agents, and infusion speed and infusion volume controlled according to the above 
mentioned principles.

CONCLUSION
This study focused on high-risk elderly patients with biliary diseases, and determined the monitoring 
indexes of perioperative MACE by a logistic multivariate prediction model. It was found that 
postoperative BNP and D-D were independent risk factors for perioperative MACE, with the critical 
values of 382.65 pg/mL and 0.965 mg/L, respectively. Therefore, timely monitoring, effective 
prevention and treatment measures are of great clinical significance to maintain the stability of periop-
erative cardiac function, and further improve the perioperative safety of elderly patients with biliary 
diseases.

ARTICLE HIGHLIGHTS
Research background
Major adverse cardiac events (MACE) in elderly patients with biliary diseases are the main cause of 
perioperative accidental death, but no widely recognized quantitative monitoring index of perioperative 
cardiac function so far.

Research motivation
The purpose of this study was to explore the critical values of the quantitative monitored indexes of 
perioperative cardiac and coagulation functions, so as to take effective prevention and treatment 
measures in time to maintain the stability of cardiac function to further improve the perioperative safety 
of elderly patients with biliary diseases.

Research objectives
The clinical data of 208 elderly patients with biliary diseases in our hospital from May 2016 to April 2021 
were retrospectively analysed.

Research methods
According to whether MACE occurred during the perioperative period, they were divided into the 
MACE group and the non-MACE group. Multivariate logistic regression was used.

Research results
Multivariate logistic regression showed that postoperative B-type natriuretic peptide (BNP), and D-
dimer (D-D) were independent risk factors for perioperative MACE, and their cut-off values in the 
receiver operating characteristic curve were 382.65 pg/mL and 0.965 mg/L, respectively.
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Research conclusions
The postoperative BNP and D-D were independent risk factors for perioperative MACE, with the 
critical values of 382.65 pg/mL and 0.965 mg/L respectively.

Research perspectives
Consequently, timely monitoring and effective maintenance of perioperative cardiac function stability 
are of great clinical significance to further improve the perioperative safety of elderly patients with 
biliary diseases.
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