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ARTICLE INFO ABSTRACT

Background: There are few studies evaluating the association between preoperative 
amio-terminal pro brain natriuretic peptide and the development of left ventricular 
systolic dysfuction after coronary artery bypass grafting.

Objective: To assess the association between preoperative amio-terminal pro brain 
natriuretic peptide (NT-proBNP) and the development of post-surgical left ventricular 
systolic dysfunction in patients undergoing coronary artery bypass grafting.

Methods: An observational study in 50 patients undergoing coronary artery bypass 
grafting at the Ernesto Che Guevara Cardiocentro in Santa Clara between January 2018 
and March 2019 was conducted. The association between the baseline values of the NT-
proBNP and the development of left ventricular systolic dysfunction in the post-operative 
setting was evaluated.

Results: In patients with postoperative left ventricular systolic dysfunction, the 
baseline values of NT-proPNB were significantly higher than patients without this 
condition (472.35 ± 356.46 pg/mL vs. 203.76 ± 135.95 pg/mL; p = 0.001). The cut-off 
value of 395.5 pg/mL of the NT-proBNP shows a sensitivity of 59% and specificity of 80% 
to predict left ventricular systolic dysfunction.

Conclusions: The values of NT-proBNP determined preoperatively are higher in 
patients with left ventricular systolic dysfunction. NT-proBNP shows adequate specificity 
values for the prediction of left ventricular systolic dysfunction in the postoperative 
setting of coronary artery bypass grafting.
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Introduction
Coronary artery bypass grafting (CABG) is an alternative for 

thousands of people worldwide with advanced atherosclerotic 
coronary artery disease. Patients undergoing CABG often have 
hemodynamic instability in the postoperative period. Pathological 
remodeling secondary to pre-existing cardiovascular disease, the 
inflammatory cascade initiated during cardiopulmonary bypass, 
changes in conditions and demand for loading oxygen after surgical 
repair, predisposes these individuals to hemodynamic disturbances  

 
after surgery[1,2].Left ventricular systolic dysfunction in the  
postoperative period of cardiac surgery is a potential complication 
and that of greater morbidity and mortality. It has a high incidence 
in different studies, and is associated with increased morbidity and 
mortality, prolonged stay in the intensive care unit and increased 
resource consumption[3,4].

Natriuretic peptides are molecules synthesized in cardiac 
chambers secondarily to an increase in myocardial tension. 
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Currently, five types of natriuretic peptides are known which 
have very specific functions within the human organism, which 
include an increase in diuresis, natriuresis, and vasodilation. It has 
been known for several years that these peptides have increased 
in patients with heart failure and have demonstrated their 
usefulness for the diagnosis and prognostic evaluation of these 
patients[5-8]. Natriuretic peptides obtained in the preoperative of 
cardiac surgery have been evaluated as predictors of complications 
in the postoperative setting. Several studies have shown that 
brain natriuretic peptide and the amino-terminal portion of pro-
brain natriuretic peptide (NT-proBNP) are predictors of adverse 
cardiovascular events, including systolic ventricular dysfunction 
and need for prolonged inotropic support in patients under cardiac 
surgery[9]. Some studies have shown that the predictive capacity 
of adverse events of the brain natriuretic peptide is higher than the 
left ventricular ejection fraction values and the EuroSCORE in these 
cases[10], however, current evidence on this issue is limited. The 
present study aims to demonstrate the utility of preoperative NT-
proBNP to predict left ventricular systolic dysfunction after CABG. 

Material and Methods
An observational study was conducted in all patients undergoing 

CABG at the Cardiocentro Ernesto Che Guevara in the city of Santa 
Clara, Cuba from January 2018 to March 2019. A review of the 
clinical histories of each patient was performed in the Statistics 
and Archive departments of the institution. The information 
obtained was collected in a data collection form with the variables 
to study.The study population was represented by 67 patients who 
underwent this procedure during the period of study. The sample 
was reduced to 50 patients who met the inclusion criteria and who 
showed their approval through the signing of the informed consent 
that exists at the Cardiocentro Ernesto Che Guevara for all patients 
who undergo any surgical procedure at this center. The study 
sample was divided into two groups according to the NT-proBNP 
values obtained in both sexes. Group 1 was represented by patients 
with normal NT-proBNP values, while group 2 were those patients 
with high values of NT-proBNP. Reference values of NT-proBNP 
registered in our laboratory are: 27-105 pg/mL in men and 48 -109 
pg/mL in women.

Patients with left ventricular ejection fraction less than 50% 
before surgery, personal history of acute coronary syndrome, 
supraventricular or ventricular tachyarrhythmias, pulmonary 
embolism, pulmonary hypertension, hyperthyroidism, renal failure 
with glomerular filtration rate<30 ml/minutes, liver cirrhosis and 
under antineoplastic therapy were excluded.  Also were excluded 
those patients who died intraoperatively or post-operative 
immediately of which it was impossible to collect all the data from 
the study.  Each patient underwent laboratory tests during their 
stay in the preoperative ward of the Ernesto Guevara Cardiocentro. 
All samples met the requirements established by the quality control 
of the laboratory. 

All patients underwent echocardiographic study at the 
Laboratory of Echocardiography of the Cardiocentro before 
surgery and during their stay in postsurgical rooms. Ventricular 
diameters, volumes and left ventricular ejection fraction were 
obtained both preoperative and postoperative in all patients. The 
echocardiographic machine used was an Epic 7 from Philips. All 
measurements were obtained by expert echocardiographers. A left 
ventricular ejection fraction less than 50% in the postoperative 
was considered as left ventricular systolic dysfunction. Qualitative 
variables were summarized by absolute, relative frequencies, 
maximum and minimum values and statistical differences were 
evaluated with the Chi-square statistic test.The quantitative 
variables were summarized using the mean, standard deviation 
and were determined to follow a normal distribution using the 
Kolmolgorov-Smirnov test.

Differences between means were determined through the 
t-Student test.Pearson linear correlation test was performed 
between the end-diastolic left ventricular diameters and values 
of NT-proBNP preoperatively. The test was corrected for personal 
history of arterial hypertension, dyslipidemia and left ventricular 
ejection fraction values in both groups.For determining if the values 
of preoperative NT-proBNP are effective for predicting the risk of 
left ventricular systolic dysfunction in the postoperative setting, an 
analysis of the ROC curve was used. The ROC curve also gives us 
sensitivity and specificity values for a certain cut-off point of the 
NT-proBNP. A p value<0.05 was considered significant.This study 
was approved by the Ethical Committee of Cardiocentro Ernesto 
Guevara. 

Results
Table 1 shows that the mean age does not show significant 

differences between the two groups (59.87 ± 8.64 years vs. 
61.44±7.64 years; p = 0.526). There is a greater number of patients 
with a personal history of diabetes mellitus and acute myocardial 
infarction with elevated NT-proBNP values (52.94% vs. 18.75%; 
p = 0.032 and 41.18% vs. 6, 25%; p = 0.016) respectively. It can 
be seen that blood glucose, creatinine and cholesterol levels are 
higher in patients with high NT-proBNP, but without significant 
differences (7.28 ± 1.61 mmol/L vs. 5.64 ± 1, 56 mmol/L; p = 0.095, 
95.70 mmol/L ± 18.35 mmol/L vs. 93.03 ± 23.49 mmol/L; p = 0.677 
and 4.63 ± 1.27 mmol/L vs. 4.09 ± 1.39 mmol/L; p = 0.202). There 
are not significant differences between the number of people who 
developed left ventricular systolic dysfunction in the normal NT-
proBNP and high NT-proBNP group (25.00% vs 38.24%; p = 0.551). 

It can be seen that there are lower values of end-diastolic left 
ventricle diameter and left ventricular ejection fraction in patients 
with normal NT-proBNP, but without significant differences (54.60 
± 1.54% vs. 55.10 ± 3.00%; p = 0.551 and 49.20 ± 5.48 mm vs. 48.65 
± 5.60 mm; p = 0.753) respectively.In Figure 1, it can be observed 
that there is a linear correlation between the values of the left 
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ventricular end-diastolic diameter and the values of the NT-pro 
BNP in the group of patients with high NT-proBNP ( r = 0.416; p = 
0.027), but not in cases with normal NT-proBNP values (r = 0.215; 
p = 0.501).

Figure 1: Linear correlation between left ventricular end-
diastolic diameter and NT-proBNP corrected for personal 
history of hypertension, dyslipidemia and left ventricular 
ejection fraction values in both groups

Figure 2 shows that in the patients with postoperative left 
ventricular systolic dysfunction, the baseline values of NT-proBNP 
were significantly higher than patients without this condition 
(472.35 ± 356.46 pg/mL vs. 203.76 ± 135.95 pg/mL; p = 0.001).

Figure 2: Mean of the NT-proBNP and the presence of left 
ventricular systolic dysfunction in the postoperative

Figure 3 shows that the area under the ROC curve for 
the prediction of left ventricular systolic dysfunction in the 
postoperative period is 0.698 with a confidence interval of 
0.511-0.844; p = 0.031. The cut-off value of 395.5 pg/mL shows a 

sensitivity of 59% and specificity of 80% to predict left ventricular 
systolic dysfunction in this setting.  

Figure 3: ROC curve for the prediction of postoperative 
left ventricular systolic dysfunction according to the NT-
proBNP values in the preoperative period

Discussion
The present investigation performs an analysis of the NT-

proBNP determined preoperatively and its association with left 
ventricular systolic dysfunction in the postoperative period of 
patients undergoing CABG. 

Table 1 shows a distribution of sociodemographic, clinical and 
laboratory variables in patients with normal and high NT-proBNP 
values. A total of 16 cases were identified with preoperative NT-
proBNP values within the normal limits, while a total of 34 patients 
had values higher than the upper reference limit. Of the variables 
reflected in these results, only the personal history of diabetes 
mellitus and acute myocardial infarction were found with a higher 
proportion in patients with high baseline NT-proBNP values 
(52.94% vs. 18.75%; p = 0.032 and 41.18% vs. 6.25%; p = 0.016) 
respectively. A study published by Nuñez, et al.[11] evaluated NT-
proBNP as a predictor of adverse events in patients with heart 
failure, and in which the cases were divided into quartiles based on 
the values of the NT-proBNP, it reflects that ischemic heart disease 
is more frequent in patients with baseline NT-proBNP values in 
the fourth or fifth quartile compared to the first or second quartile 
(52.2% and 39.5% vs. 27.2% and 31.6 %; p < 0.001) respectively, 
but there were no significant differences in patients with diabetes 
mellitus. In this own investigation, it was observed that the patients 
in the last quartile presented serum creatinine levels higher than 
the rest of the patients ( 1.6 ± 0.6 mg/dL vs. 1.1 ± 0.4 mg/dL, 1.2 
± 0.4 mg/dL, 1.3 ± 0.6 mg/dL, and 1.4 ± 0.6 mg/dL; p < 0.001) 
respectively.
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Table 1: Clinical variables in patients with normal and high values of NT-pro BNP preoperativly.

Variables Normal NT-pro BNP (N = 16) High NT-pro BNP (N = 34) p

Age (years) ±; DS 59.87 ± 8.64 61.44 ± 7.64 0.526

Male Sex (n; %) 14 (87.50) 30 (88.23) 0.587

HTN (n; %) 11 (68.75) 30 (88.23) 0.761

Diabetes M (n; %) 3 (18.75) 18 (52.94) 0.032

Dyslipidemia (n; %) 9 (56.25) 14 (41.18) 0.224

Smoking (n; %) 6 (37.50) 11 (32.35) 0.604

AMI (n; %) 1 (6.25) 14 (41.18) 0.016

UA (n; %) 11 (68.75) 10 (29.41) 0.248

SA (n; %) 3 (18.75) 1 (2.94) 0.044

Hb g/L (±; DS) 133.27 ± 35.41 130.98 ± 13.99 0.752

Glycemia mmol/L (±; DS) 5.64 ± 1.56 7.28 ± 1.61 0.095

Creatinine mmol/L (±; DS) 93.03 ± 23.49 95.70 ± 18.35 0.677

Uric acid mmol/L (±; DS) 382.80 ± 122.97 374.38 ± 100.17 0.813

Cholesterol mmol/L (±; DS) 4.09 ± 1.39 4.63 ± 1.27 0.202

NT-proBNPpg/dL (±; DS) 86.93 ± 14.04 392.38 ± 89.89 0

LVEF% (±; DS)
54.60 ± 1.54 55.10 ± 3.00 0.551

53-58 50-62

End diastolic LV diameter mm (±; DS)
49.20 ± 5.48 48.65 ± 5.60 0.753

40-58 41-58

LV systolic dysfunction (n; %) 4 (25.00) 13 (38.24) 0.551

NT-proBNP: Amino-terminal portion of pro-brain natriuretic peptide, HTN: Hypertension, Diabetes M: Diabetes Mellitus, AMI: 
Acute myocardial infarction, UA: Unstable angina, SA: Stable angina, Hb: Hemoglobin, LVEF: Left ventricular ejection fraction, LV: 
Left ventricular

In our study, the rest of the laboratory variables did not show 
significant differences between both groups. In the investigation 
of Nuñez,et al.[11]patients with end-stage renal disease were 
excluded, while in our investigation were excluded patients with 
glomerular filtration rate less than 30 ml/min. These differences 
in the selection of the sample can explain these results since it is 
widely known that the decrease in glomerular filtration is a non-
cardiac cause of elevation of natriuretic peptides[12,13].The higher 
prevalence of diabetes mellitus and acute myocardial infarction in 
patients with elevated NT-proBNP values may be associated with 
the extension of coronary artery disease in these patients. Diabetes 
mellitus is one of the main risk factors for the development and 
progression of ischemic heart disease, while the history of acute 
myocardial infarction evidences the presence of this condition. 
On the other hand, both processes are associated with increasing 
degrees of diastolic dysfunction of the left ventricle that can 
increase the baseline values of the NT-proBNP[14].

The high baseline values of NT-proBNP in our research may 
be associated with several conditions not explored, and that may 
explain these results. There are cardiac and extracardiac causes 
of NT-proBNP elevation beyond the presence of left ventricular 
systolic dysfunction, which was the parameter we considered for 
the inclusion of patients in our study. Among the entities that could 
be present in these patients and that were not registered as possible 

causes of the evasion of NT-proBNP are valvulopathies, myocarditis 
and left ventricular hypertrophy. The NT-proBNP values are also 
correlated with several echocardiographic parameters such as 
parietal stress of the left ventricle at the end of diastole, the E/e´ 
ratio, the longitudinal and circumferential strain of the left ventricle, 
the dimensions of the left atrium and the pressures and systolic 
function of the right ventricle[15]. All these elements, in isolation 
or in combination, can explain the higher incidence of patients with 
elevated values of NT-proBNP preoperatively.

We found that mean, maximum and minimum values of left 
ventricular ejection fraction and end-diastolic left ventricular 
diameter are similar in patients with normal and high NT-proPNB 
at baseline. However, in Figure 1 there is a linear and significant 
correlation between the values of NT-proBNP and the end-diastolic 
left ventricular diameter in patients with high NT pro-BNP, but not 
in cases with normal NT-proBNP (r = 0.416; p = 0.027 vs. r = 0.215; 
p = 0.501) respectively. The results of our study do not match those 
published by García-Tizoc,et al.[9] in 161 patients with an average 
age of 57.5 years who evaluated the utility of NT-proBNP to identify 
patients with acute heart failure in an emergency department. 
In this study, the values of left ventricular ejection fraction 
were significantly lower in patients with heart failure and high 
values of NT-proBNP, and in addition, an inverse correlation was 
demonstrated between the values of NT-proBNP and left ventricular 
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ejection fraction (r = -0.816; p = 0.000). Another study in which the 
values of the NT-proBNP were evaluated preoperatively in patients 
undergoing cardiac surgery, it was observed that the patients in the 
fourth quartile of the NT-proBNP(≥ 428 pg/mL) had significantly 
lower left ventricular ejection fraction values to patients in the first 
quartile of the NT-proBNP(< 74 pg/mL) 56 ± 13% vs. 68 ± 8%; p 
<0.001[10]. However, in this research, as in our study, the values 
of left ventricular ejection fraction in the different groups were not 
below normal values. 

In our study, patients with left ventricular ejection fraction 
values below the normal range preoperatively were excluded. 
Natriuretic peptides increase significantly as left ventricular 
ejection fraction decreases in a linear and exponentially increasing 
manner so that at lower left ventricular ejection fraction values, 
higher values of natriuretic peptides, including NT-proBNP, and 
this relationship is more evident in the lower quartiles of left 
ventricular ejection fraction[16], something that does not happen 
in our study where the left ventricular ejection fraction margin 
is very narrow in both groups (range: 53% -58% in the normal 
NT-proBNP group and 50-62% in the group of high NT- proBNP). 
Previous studies do not reflect the values of the end-diastolic left 
ventricular diameter, while in our investigation these are linearly 
correlated with the values of the NT-proBNP. The diameter of the 
left ventricle at the end of diastole is equivalent to the end-diastolic 
left ventricular volume and this correlates with the stress of the 
myocardial wall. Parietal stress is a determinant of the release of 
natriuretic peptides[17].

When we compare the average of NT-proBNP in patients 
who had left ventricular systolic dysfunction against those who 
did not, it is observed that the former have values of 472.35 pg/
mL vs. 203.76 pg/mL in the case of the seconds. An investigation 
published by Eliasdottir,et al.[9] in which 135 patients were 
studied, who underwent cardiac surgery due to myocardial or 
valvular revascularization, it was shown that the preoperative 
values of NT-proBNP correlate with an increased risk in the use 
of inotropic agents, intra-aortic counterpulsation balloon and stay 
in the intensive care unit for more than two days.Figure 3 shows 
the sensitivity and specificity values of NT-proBNP to predict left 
ventricular systolic dysfunction in the postoperative period of 
CABG surgery. It can be seen that the sensitivity and specificity 
values of NT-proBNP to predict the risk of left ventricular systolic 
dysfunction are 59% and 80% respectively. This offers positive 
predictive values higher than the negative values, so a value of 
395.5 pg/mL, which was the identified cut-off point, can be useful 
to identify those patients with an increased risk of suffering from 
this complication.

As the previous study shows, NT-proBNP values have proven 
useful for predicting adverse cardiovascular events in these cases 
and their predictive capacity in certain scenarios has been greater 
than EuroSCORE[10]. Based on these results and those found in our 

study, the preoperative determination of NT-proBNP may represent 
a complementary alternative to the methods used to stratify the 
preoperative risk of patients undergoing cardiac surgery and 
especially in revascularized patients. Our research has certain 
limitations. First, the sample size is not wide, and the quality of the 
tests used to determine the sensitivity and specificity values of NT-
proBNP may be affected by sample size. Second, no preoperative 
tests were used to determine the values of end-diastolic left 
ventricular pressures that in turn helped explain the initial values 
of the NT-proBNP.

Conclusion
The values of NT-proBNP determined preoperatively are higher 

in patients with left ventricular systolic dysfunction, and the NT-
proBNP shows adequate specificity values for the prediction of 
left ventricular systolic dysfunction in the postoperative setting of 
CABG.
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