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Abstract

Background: Brain natriuretic peptide (BNP) is a cardiac hormone, which its
levels as a marker of morbidity in patients undergoing coronary artery bypass
grafting (CABG) is still controversial. This study aimed to investigate the
relationship between the pre- and postoperative BNP changes and morbidity in
adult patients undergoing CABG.

Methods and materials: In this descriptive-analytical study, 50 patients were
enrolled underwent elective CABG at the heart center of Rajaei hospital,
Tehran, Iran, from September 2016 to May 2017. To determine the serum
levels of BNP, blood samples were sent to laboratory at 24 hours before and
24 hours after induction of anesthesia. Duration of intubation, intensive care
unit (ICU) stay, and ejection fraction and serum creatinine were considered.
Data were analyzed with SPSS Version 22 software and significance level
was 5%.

Results: Of patients, 33 (66%) were male and 17 (34%) were female. The
mean age * SD of patients was 61+9 (range 36-82 years). Mean + SD
preoperative BNP level was 919.81+2264.22 pg/ml and postoperative BNP
level was 2951.22+4291.27 pg/ml. A significant correlation between pre and
postoperative BNP levels and the amount of creatinine, surgical time and
length of stay in ICU was not observed. The ejection fraction was correlated
with pre and postoperative BNP levels.

Conclusion: Serum levels of BNP at 24 hours before and after cardiac surgery
could be a good biomarker for prediction and early diagnosis of heart failure
in adults.
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intervention to management and treatment of heart
disease that aims to increase the survival and improve
the quality of life of these patients (1). Like all other

Introduction
Open heart surgery is a common therapeutic
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surgeries, this surgery is accompanied by
complications that may affect the patient's recovery
and health (2). Rate of morbidity in patients
undergoing coronary artery bypass grafting (CABG)
surgery has not been clearly reported (3-5). Hence,
several studies have been conducted to identify
prognosis in recovery and to reduce the mortality and
morbidity rate after this high risk Surgery (6-9). Study
on changes in levels of cardiac biomarkers has been
considered in recent years for detecting prognosis of
patients after open heart surgery (10, 11). Brain
natriuretic peptide (BNP) is a type of heart biomarker
or hormone that has been introduced as an indicator of
the diagnosis, progression and outcome of treatment in
congestive heart failure, acute cerebrovascular
accidents and hypertension (12-14). The biomarker is
a neuro-hormonal agent that is released by the
ventricular myocardium, especially in conditions of
increased afterload and ventricular dilation (15). Brain
natriuretic peptide, which its bioactive form is N-
terminal pro-BNP, has diuretic, natriuretic,
vasodilatory, anti-renin-angiotensin-aldosterone
characteristics and inhibitory activity on the
sympathetic system (14, 16, 17). Concentration of the
hormone remains constant after it has increased in the
blood, significantly in human plasma, which is easily
detectable (14). Normal serum level of N-terminal pro-
BNP is less than 300 pg/ml, which increases by aging
(15, 18). Level of the hormone affected in several
physiological and pathological conditions such as
ventricular hypertrophy, left ventricular dysfunction,
atrial fibrillation, severe hypertension, aortic stenosis,
congestive heart failure, myocardial infarction,
pulmonary hypertension, pregnancy hypertension and
chronic renal failure (14,19-21). However, BNP as a
predictor of cardiovascular events, side effects, and
mortality in patients undergoing CABG had been
associated with controversial results (22-24). In order
that, elevated BNP levels in the early hours after
cardiac surgery could be associated with longer
hospitalization and higher mortality (25), while Bill et
al. (2004) did not report any relationship between BNP
levels and ejection fraction, myocardial infarction as an
effective factor in morbidity (26). On the other hand,
most of these studies examined the relationship
between BNP level before and after surgery with
patients' morbidity, but relation to determinants of

morbidity is less studied.

Regarding the controversial results of previous
studies, as well as the evaluation and comparison of
BNP levels before and after operation with morbidity,
in this study, association of this hormone before and
after surgery with factors that can affect the process of
recovery and health is examined. Our hypothesis was
that preoperative BNP can be like post-operative BNP
as a determinative factor in estimating the morbidity of
patients after CABG. Therefore, patients with possible
post-operative complications can be recognized. The
aim of this study was to determine the relationship
between pre and post-operative BNP hormone and
morbidity in adult patients undergoing CABG surgery.

Methods

In the descriptive-analytic study, patients
undergoing elective CABG surgery in the range of 21-
89 years who referred to Shahid Rajaie's Heart Center,
Tehran, Iran (from September 2016 to May 2017)
included the study. Informed consent was obtained
from the patients by expressing purpose of the study.
All patients who had an emergency or re-operation, as
well as simultaneous valve operation, patients with
inotrope therapy before surgery and preoperative
hematocrit less than 25 were excluded. Sampling was
done in convenience method and the sample size was
determined according to similar studies. BNP levels
were measured in two steps based on samples, which
were sent to laboratory at 24 hours before and after
surgery. A blood sample (5ml) was collected after that
the patient positioned at supine for 15 minutes, and was
poured into a tube containing potassium EDTA. Then,
serum NT-pro BNP was measured by ELISA with
Biomedica Slovakia s.r.o kit (SK-1204) and
accurately> 95%.

Demaographic and clinical data was collected for
pre-operative (24 hours before surgery) and
postoperative (24 hours after operation) using a
questionnaire. This information includes age, sex,
body mass index, underlying illness, history of
smoking, ejection fraction (EF), creatinine (Cr), blood
urea nitrogen (Bun), glomerular filtration rate before
and after surgery, The time of aortic clamp, time of
cardiopulmonary bypass, surgical time, number of
grafts, duration of intubation and duration of patient's
stay in intensive care unit (ICU) were completed.
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These patients were considered as morbidity factors:

. low cardiac output (need for inotrope for more
than 24 hours or balloon pump placement)

. myocardial infarction (MI: ECG findings and
increased cardiac enzymes)

. atrial fibrillation (AF; More than 10 minutes
during ICU hospitalization)

. renal failure (Cr>3 or need to dialysis)

. long term intubation (more than 48 hours)

. long term ICU hospitalization (more than 4
days)

SPSS version 20 software using Kolmogrov-
Smirnov test (for determination of normality), paired t-
test (in parametric data) and dependent Wilcoxon (in
nonparametric data) and correlation tests analyzed
data. A significant level of 5% was considered.

Results

In this study, 50 patients were evaluated. Of
them 33 (66%) were male and 17 (34%) were female.
MeanxSD age of patients was 61+9 with a range of 36-
82. Most patients (54%, n= 27) were overweight and
21 (42%) people were normal weight and two (4%)
were obese. Hypertension had the highest frequency of
all comorbidities (60%, n=30). Diabetes mellitus
(36%, n=18) and renal failure (4%, n=2) were in the
next ranks. Smokers were 19 (38%). Table 1 shows the
parameters measured before and after the operation.

Table 1: Parameters measured before and after the operation.

There was a significant difference between serum
creatinine and BNP before and after surgery.

Mean + SD duration of: surgery was 228.90 +
43.08, aortic clamp was 4887 + 18.17,
cardiopulmonary bypass was 90.16 + 28.21, intubation
(hours) was 12.14 + 4.95 and admission to ICU (day)
was 3.28 + 0.6. Relationship between BNP before and
after surgery with sex, smoking and underlying
diseases was investigated, which no significant
relationship was found (Table 2).

Tables 3 and 4 show correlation between BNP
before and after surgery and the variables considered
for morbidity (postoperative ejection fraction,
postoperative creatinine, duration of intubation,
hospitalization in ICU, surgery; aortic clamping and
pump times). Among these variables, only ejection
fraction had a significant correlation with BNP at both
times, before and after the operation.

Discussion

Efforts to identify and assess risks of
preoperative and postoperative heart surgery to reduce
morbidity and mortality studied. Evaluation of BNP as
a criterion in recognition of morbidity in patients
undergoing cardiac surgery has been investigated in
several studies (18, 20, 26). However, advantage of
present study is to examine the level of BNP and its
relationship with determinants of morbidity in both

Before operation

After operation

Variables P value
SD+ Mean SD+ Mean
Hemoglobin (gr/dl) 1.64+13.73 1.71+13.48 0. 242
Hematocrit (%) 4.794+41.11 4.24+40.81 0.259
Ejection fraction (%) 41.93+11.85 40.81+10.41 0.234
Bun (mg/dl) 6.34+17.51 6.7+17.30 0.421
Creatinine (mg/dl) 0.22 +0.989 0.31+1.08 0.028
Glomerular filtration rate
26.05+78.84 30.46 + 76.40 0.448
(ml/min/1.73 m2)
BNP 919.81+ 2364.22 2951.22 +£4291.27 0.000
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Table 2: Relationship of mean serum BNP levels before and after surgery with clinical and demographic variables.

Variables number BNP1 (pg/ml) BNP2 (pg/ml) P value
Gender female 17 1592.274 5203.411 0.237
male 33 632.463 1873.939 0.235
Diabetes + 18 1410.958 4583.611 0.310
_ 32 700.55 2298.93 0.125
Smoking + 19 461.321 1993.210 0.236
_ 31 1262.96 3816.03 0.237
Hypertension + 28 1342.623 3213.928 0.237
_ 22 499.67 1667.10 0.236
Kidney disease + 3 1725.875 2015.25 0.199
_ 47 939.32 3073.00 0.238
Arrhythmia + 1 85.4 1088
_ 49 976.15 3037.75 0.238
before and after cardiac surgery. Open heart surgery is patients, therefore examining association of BNP in
a complex procedure which can lead to morbidity in preoperative conditions may be a suitable method to
Table 3: Correlation between preoperative BNP and clinical variables.
Variables Before surgery P value
Ejection fraction 50 -0.380 0.006
Creatinine 50 0.114 0.430
Duration of intubation 50 0.108 0.466
Length of ICU hospitalization 50 0.220 0.879
Duration of surgery 50 0.111 0.414
Duration of aortic clamping 50 0.211 0.770
Duration of pump 50 0.151 0.485
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predict the complications.

used as a marker for the diagnosis of congestive heart

Table 4: Correlation between postoperative BNP and clinical variables

Variables after surgery P value
Ejection fraction 50 -0.416 0.003
Creatinine 50 0.068 0.641
Duration of intubation 50 0.044 0.760
Length of ICU hospitalization 50 0.218 0.128
Duration of surgery 50 0.113 0.421
Duration of aortic clamping 50 0.224 0.811
Duration of pump 50 0.131 0.428

In different studies relationship between
preoperative BNP serum levels and postoperative
morbidity was investigated (22, 27-29), and in some
other studies postoperative serum levels of BNP have
been considered (30-32). Only in a study, predictive
value of BNP serum level before and after operation
with morbidity was compared (33). Results of our
study showed that postoperative serum BNP levels
increased by 3 times in comparison with preoperative
CABG after surgery. Increased BNP after surgery has
been shown in numerous studies, which can be due to
changes in the preload and afterload. In present study,
there was a reverse and significant correlation between
preoperative and postoperative BNP values and EF
after surgery, so that an increased BNP levels was
observed in reduced EF. In addition, the relationship
between BNP before and after surgery and
postoperative creatinine, duration of intubation and
duration of ICU stay were observed, however this
relationship was not significant. The FDA has
approved measuring the NT-proBNP test for the
diagnosis of heart failure (14). ProBNP is the most
sensitive marker for heart failure or mild cardiac failure
(20).

Bosseau et al. showed that although BNP is not
a specific hormone for cardiac function, but it can be

Vol 3, No 4, Fall 2018

failure (34). In the study of Hussain et al. BNP levels
also had a significant relationship with left ventricular
gjection fraction (35). Fox et al concluded that
preoperative BNP could be a predictor of post-
operative complications, mortality and morbidity (33).
In our study, preoperative BNP had a significant
correlation with EF after surgery alone. This may be
due to the difference in the normal range in the two
studies, low sample size in our study and the difference
in the factors affecting the BNP level, such as the sex
of women and age, which was observed in Fox et al
study. Limitations of this study were the low sample
size; lack of BNP repeated examination during surgery
to determine the rate of BNP increase and the mortality
rate of patients.

Conclusion

BNP level can be affected by various factors,
but its relationship with EF decreases is significant,
which can be used to diagnose the congestive heart
failure in patients after open heart surgery. Patients
with high levels of BNP before or after surgery may
need extra attention due to probable reduced ejection
fraction.

133




Totonchi et al.

Association of Preoperative and Postoperative Brain Natriuretic Peptide Hormone with Morbidity ...

Acknowledgment

None.

Conflicts of Interest

The authors declare that they have no conflict of
interest.

References

1. Demir A, Aydinh B, Gii¢lii CY, Yazicioglu H, Sarag A, Elhan AH,
Erdemli O. Obesity and postoperative early complications in open
heart surgery. J Anesth. 2012;26(5):702-10.

2. Murad JA Junior, Machado MN, Fernandes MP, Soares MJF,
Grigolo IH, Singulane CC, Godoy MF. B-Type Natriuretic Peptide as
a Predictor of Short-Term Mortality in On-Pump Coronary Artery
Bypass Grafting. Braz J Cardiovasc Surg. 2017;32(6):462-467.

3. Tully PJ, Baker RA. Depression, anxiety, and cardiac morbidity
outcomes after coronary artery bypass surgery: a contemporary and
practical review. J Geriatr Cardiol. 2012;9(2):197-208.

4. Pepper J. Nilsson J, Algotsson L, Héglund P, Lihrs C, Brandt J.
Controversies in off-pump coronary artery surgery. Clin Med Res.
2005;3(1):27-33.

5. Nilsson J, Algotsson L, Hoglund P, Liihrs C, Brandt J. Comparison
of 19 pre-operative risk stratification models in open-heart surgery.
Eur Heart J. 2006;27(7):867-74.

6. Faritous ZS, Aghdaie N, Yazdanian F, Azarfarin R, Dabbagh A.
Perioperative risk factors for prolonged mechanical ventilation and
tracheostomy in women undergoing coronary artery bypass graft with
cardiopulmonary bypass. Saudi J Anaesth. 2011;5(2):167-9.

7. Rajaei S, Dabbagh A. Risk factors for postoperative respiratory
mortality and morbidity in patients undergoing coronary artery bypass
grafting. Anesth Pain Med. 2012;2(2):60-5.

8. Holzmann MJ, Rathsman B, Eliasson B, Kuhl J, Svensson AM,
Nystrom T, Sartipy U. Long-term prognosis in patients with type 1
and 2 diabetes mellitus after coronary artery bypass grafting. J Am
Coll Cardiol. 2015;65(16):1644-1652.

9. Petursson P, Herlitz J, Lindqvist J, Sjoland H, Gudbjérnsdottir S.
Prevalence and severity of abnormal glucose regulation and its
relation to long-term prognosis after coronary artery bypass grafting.
Coron Artery Dis. 2013;24(7):577-82.

10. Shahian DM, Grover FL. Biomarkers and risk models in cardiac
surgery. Circulation. 2014;130(12):932-5.

11. Parolari A, Poggio P, Myasoedova V, Songia P, Bonalumi G,
Pilozzi A, Pacini D, Alamanni F, Tremoli E. Biomarkers in Coronary
Artery Bypass Surgery: Ready for Prime Time and Outcome
Prediction? Front Cardiovasc Med. 2016; 2:39.

12. Preeshagul |, Gharbaran R, Jeong KH, Abdel-Razek A, Lee LY,
Elman E, Suh KS. Potential biomarkers for predicting outcomes in
CABG cardiothoracic surgeries. J Cardiothorac Surg;8:176.

13. van Veldhuisen DJ, Linssen GC, Jaarsma T, van Gilst WH, Hoes
AW, Tijssen JG, Paulus WJ, Voors AA, Hillege HL. B-type
natriuretic peptide and prognosis in heart failure patients with
preserved and reduced ejection fraction. J Am Coll Cardiol.
2013;61(14):1498-506.

134

14. Macheret F, Heublein D, Costello-Boerrigter LC, Boerrigter G,
McKie P, Bellavia D, Mangiafico S, Ikeda Y, Bailey K, Scott CG.
Human hypertension is characterized by a lack of activation of the
antihypertensive cardiac hormones ANP and BNP. J Am Coll Cardiol.
2012;60(16):1558-65.

15. Daniels LB, Maisel AS. Natriuretic peptides. J Am Coll Cardiol.
2007;50(25):2357-68.

16. Keyzer JM, Hoffmann JJ, Ringoir L, Nabbe KC, Widdershoven
JW, Pop VJ. Age-and gender-specific brain natriuretic peptide (BNP)
reference ranges in primary care. Clin Chem Lab Med. 2014;
52(9):1341-6.

17. Santhekadur PK, Kumar DP, Seneshaw M, Mirshahi F, Sanyal AJ.
The multifaceted role of natriuretic peptides in metabolic syndrome.

Biomed Pharmacother. 2017;92:826-35.
18. Potter LR, Yoder AR, Flora DR, Antos LK, Dickey DM.

Natriuretic peptides: their structures, receptors, physiologic functions
and therapeutic applications. Handb Exp Pharmacol. 2009;(191):341-
66.

19. Bansal N, Hyre Anderson A, Yang W, Christenson RH, deFilippi
CR, Deo R, Dries DL, Go AS, He J, Kusek JW, Lash JP, Raj D, Rosas
S, Wolf M, Zhang X, Shlipak MG, Feldman H. High-sensitivity
troponin T and N-terminal pro-B-type natriuretic peptide (NT-
proBNP) and risk of incident heart failure in patients with CKD: the
Chronic Renal Insufficiency Cohort (CRIC) Study. J Am Soc
Nephrol. 2015; 26(4):946-56.

20. Grewal J, McKelvie R, Lonn E, Tait P, Carlsson J, Gianni M,
Jarnert C, Persson H. BNP and NT- proBNP predict
echocardiographic severity of diastolic dysfunction. Eur J Heart Fail.
2008; 10(3):252-9.

21. Mueller C, Breidthardt T, Laule-Kilian K, Christ M, Perruchoud
AP. The integration of BNP and NT-proBNP into clinical medicine.
Swiss Med WKly. 2007; 137(1-2):4-12.

22. Martinez-Rumayor A, Richards AM, Burnett JC, Januzzi JL.
Biology of the natriuretic peptides. Am J Cardiol. 2008 Feb
4;101(3A):3-8.

23. Cuthbertson BH, Croal BL, Rae D, Gibson PH, McNeilly JD,
Jeffrey RR, Smith WC, Prescott GJ, Buchan KG, El-Shafei H, Gibson
GA, Hillis GS. N-terminal pro-B-type natriuretic peptide levels and
early outcome after cardiac surgery: a prospective cohort study. Br J
Anaesth. 2009; 103(5):647-53.

24. Rodseth RN, Biccard BM, Chu R, Lurati Buse GA, Thabane L,
Bakhai A, Bolliger D, Cagini L, Cahill TJ, Cardinale D, Chong CP,
Cnotliwy M, Di Somma S, Fahrner R, Lim WK, Mahla E, Le Manach
Y, Manikandan R, Pyun WB, Rajagopalan S, Radovic M, Schutt RC,
Sessler DI, Suttie S, Vanniyasingam T, Waliszek M, Devereaux PJ.
Postoperative B-type natriuretic peptide for prediction of major
cardiac events in patients undergoing noncardiac surgery: systematic
review and individual patient meta-analysis. Anesthesiology. 2013;
119(2):270-83.

25. Crescenzi G, Landoni G, Monaco F, Bignami E, De Luca M, Frau
G, Rosica C, Zangrillo A. Epidural anesthesia in elderly patients
undergoing coronary artery bypass graft surgery. J Cardiothorac Vasc
Anesth. 2009; 23(6):807-12.

26. Murad Junior JA, Nakazone MA, Machado Mde N, Godoy MF.
Predictors of mortality in cardiac surgery: brain natriuretic peptide
type B. Rev Bras Cir Cardiovasc. 2015; 30(2):182-7.

27. Fox AA, Nascimben L, Body SC, Collard CD, Mitani AA, Liu
KY, Muehlschlegel JD, Shernan SK, Marcantonio ER. Increased

Journal of Cellular & Molecular Anesthesia (JCMA)




Association of Preoperative and Postoperative Brain Natriuretic Peptide Hormone with Morbidity ...

Totonchi et al.

perioperative b-type natriuretic peptide associates with heart failure
hospitalization or heart failure death after coronary artery bypass graft
surgery. Anesthesiology. 2013; 119(2):284-94.

28. Attaran S, Sherwood R, Desai J, Langworthy R, Mhandu P, John
L, ElI-Gamel A. Brain natriuretic peptide a predictive marker in
cardiac surgery. Interact Cardiovasc Thorac Surg. 2009; 9(4):662-6.
29. Eliasdottir S, Klemenzson G, Torfason B, Valsson F. Brain
natriuretic peptide is a good predictor for outcome in cardiac surgery.
Acta Anaesthesiol Scand. 2008; 52(2):182-7.

30. Berendes E, Schmidt C, Van Aken H, Hartlage MG, Rothenburger
M, Wirtz S, Scheld HH, Brodner G, Walter M. A-type and B-type
natriuretic peptides in cardiac surgical procedures. Anesth Analg.
2004; 98(1):11-9.

31.LiuH, WangC, Liu L, Zhuang Y, Yang X, Zhang Y. Perioperative
application of N-terminal pro-brain natriuretic peptide in patients
undergoing cardiac surgery. J Cardiothorac Surg. 2013; 8:1.

32. Nozohoor S, Nilsson J, Liihrs C, Roijer A, Algotsson L, Sjogren

Vol 3, No 4, Fall 2018

J. B-type natriuretic peptide as a predictor of postoperative heart
failure after aortic valve replacement. J Cardiothorac Vasc Anesth.
2009; 23(2):161-5.

33. Meersch M, Zarbock A. Prevention of cardiac surgery-associated
acute kidney injury. Curr Opin Anaesthesiol. 2017; 30(1):76-83.

34. Fox AA, Shernan SK, Collard CD, Liu K-Y, Aranki SF, DeSantis
SM, Jarolim P, Body SC. Preoperative B-type natriuretic peptide is as
independent predictor of ventricular dysfunction and mortality after
primary coronary artery bypass grafting. J Thorac Cardiovasc Surg.
2008; 136(2):452-61.

35. Kang SH, Park JJ, Choi DJ, Yoon CH, Oh 1Y, Kang SM, Yoo BS,
Jeon ES, Kim JJ, Cho MC, Chae SC, Ryu KH, Oh BH; KorHF
Registry. Prognostic value of BNP in heart failure with preserved or
reduced EF. Heart. 2015;101(23):1881-8.

36. Maisel AS, Duran JM, Wettersten N. Natriuretic Peptides in Heart
Failure: Atrial and B-type Natriuretic Peptides. Heart Fail Clin. 2018;
14(1):13-25.

135




