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ABSTRACT

Background: Postoperative atrial fibrillation (PoAF) is 
one of the most common complications to occur after open 
heart surgery. It has been shown that hypoalbuminemia 
accompanies some cardiovascular disorders. The present 
study evaluates the effects of pre-procedural albumin, blood 
urea nitrogen (BUN), and creatinine levels on PoAF.

Methods: The data of 81 patients who underwent off-
pump coronary artery bypass graft (CABG) surgery was eval-
uated. Patients who developed atrial fibrillation (AF) in the 
first 48 hours post surgery constituted the PoAF (+) group, 
while those without AF constituted the PoAF (-) group. The 
pre-procedural hematological parameters of patients in both 
groups were included in the analysis.

Results: The PoAF (+) group was comprised of 57 patients 
(70.3%) with a mean age of 65.5 ± 9.8 years, while the PoAF 
(-) group was comprised of 24 patients (29.7%) with a mean 
age of 60.6 ± 9.6 years. A comparison of the demographic 
characteristics of the two groups showed that age (P = .036), 
frequency of renal failure (P = .007), and frequency of DM  
(P = .001) were higher in the PoAF (+) group. An examination 
of the laboratory data revealed a negative correlation between 
Hct (P = .001) and albumin (P = .000) levels and presence 
of PoAF. Also, the MPV (P = .02), BUN (P = .007), and Cr  
(P = .043) values were higher in the PoAF (+) group.

Conclusion: The present study, whose focus was on the 
effects of albumin levels on the occurrence of PoAF, found that 
low levels of pre-procedural albumin, as one of the major pro-
teins in the blood, is a risk factor for the development of PoAF.

INTRODUCTION

Coronary artery bypass graft (CABG) surgery can be con-
sidered high-risk, as the consequences concern other organs, 
and there is potential for a wide range of complications. 
With the understanding that heart and other organ perfusion 

is impaired after CABG operation, measures for this were 
sought. Two ways became clear. The first involves performing 
surgery without stopping the heart, and the second involves 
cardioplegia, which is used to both stop the heart and prevent 
ischemic damage [Guajardo 2017]. In this study, we focused 
on operations performed on the beating heart.

Atrial fibrillation (AF) is one of the most common cardiac 
dysfunctions [Engin 2020]. It typically occurs 24 hours to 48 
hours after surgery, although the risk of developing AF may 
persist until postoperative day 5. The risk of developing post-
operative atrial fibrillation (PoAF) drops considerably after 
one week [Júnior 2015]. PoAF has been shown to cause low 
cardiac output, renal failure, prolonged ventilation support 
and needed intensive care unit, neurological events, and ele-
vated mortality [Kowalewski 2020].

The term AF represents an incoordination between the 
atrium and ventricles. This lack of coordination naturally 
results in impairments in cardiac function and hemodynamic 
parameters [Ozsin 2018]. Prolonged hospitalization, throm-
boembolic events, heart failure, and mortality are unfavorable 
outcomes that can follow AF [Ozsin 2018].

The Heart Surgery Forum #2020-3145
23 (5), 2020 [Epub September 2020]
doi: 10.1532/hsf.3145

Investigation of the Effect of Preoperative Hypoalbuminemia, Blood Urea Nitrogen 
and Creatinine Levels on Postoperative Atrial Fibrillation on Off-Pump Coronary 
Bypass Surgery Patients

Engin Akgül, Ali Ihsan Parlar, Gulen Sezer Alptekin Erkul, Sinan Erkul, Ahmet Cekirdekci

Department of Cardiovascular Surgery, Health Science University Kütahya Evliya Çelebi Training and Research Hospital, Kütahya, Turkey

Received July 1, 2020; accepted July 15, 2020. 

Correspondence: Engin Akgul, Kutahya Health Science University, Evliya 
Celebi Training and Research Hospital, Department of Cardiovascular Surgery, 
Kutahya, Turkey; +905541232827; fax +90 274 223 66 66 (e-mail: engin_
akgul@hotmail.com).

Online address: http://journal.hsforum.com

Receiver operation characteristic (ROC) curve and area under the 
curve (AUC) for albumin levels for predicting PoAF.



The Heart Surgery Forum #2020-3163

E642

CABG can be performed with (on pump) or without (off 
pump) a cardiopulmonary bypass (CPB) machine. A heart-
lung machine takes over the functions of the heart in CPB, 
and can therefore disrupt systemic circulation. Studies also 
have shown that the rate of PoAF is higher in surgical pro-
cedures performed with CPB [Engin 2020]. In another study 
comparing on-pump and off-pump surgeries, AF occurred 
more frequently after off-pump surgery [Kowalewski 2020]. 
Extracorporeal circulation may be a reason for this because 
blood electrolyte balance changes with extracorporeal circu-
lation. Another possible reason is a more common develop-
ment of inflammation related to surgery and global cardiac 
ischemia in CPB [Guenancia 2015]. Interestingly, inflam-
mation also has been shown to increase capillary permeabil-
ity. Increasing capillary permeability causes the albumin to 
expand to the interstitial space [Soeters 2019].

A vast number of studies have concluded that a relation-
ship exists between low albumin levels and mortality [van Beek 
2018]. This is particularly important in procedures that cause a 
rapid loss of albumin, such as CPB operations [van Beek 2018]. 
It has been reported that albumin concentrations decrease by 
approximately 50% with the use of priming solutions at the 
start of CPB surgery [Sanchez 1982; Baranyi 2012], and this 
decrease means that albumin levels require close follow up after 
surgery. We created our study from patients operated with off-
pump CABG. We think that not using the pump will more 
accurately show the relationship between preoperative albumin 
level and postoperative atrial fibrillation.

Albumin is the most concentrated serum protein, and it 
can change structure and function after glycoxidative modi-
fication [Francis 2010]. Its high solubility gives it the ability 
to resist many pathological events. Besides being a very pow-
erful antioxidant, it also provides serious protection against 
ischemia reperfusion injury [Mapanga 2017]. Albumin also 
recently has been identified to be a natural angiotensin-
converting enzyme inhibitor (ACE) [Fagyas 2014]. Angio-
tensin II (AT-II) levels decrease with the inhibition of ACE.  
Studies have concluded [Fagyas 2014] that albumin exerts 
cardioprotective effects due to its affects on AT-II, which has 
been shown to increase coronary resistance [Schunkert 1990] 

and to reduce coronary blood flow [Kozlovski 2007]. The 
present study, therefore, focuses mainly on whether albumin 
is able to prevent the development of AF, due to its regulatory 
role in coronary blood flow.

It has been demonstrated that AF can develop in the pres-
ence of impairments in the kidneys, which directly affects 
hemodynamic status [Bansal 2013]. The rate of AF was 
reported to be around 20% in patients requiring dialysis or 
those with renal failure [Winkelmayer 2011]. Urea produced 
due to the breakdown of dietary protein is excreted through 
the kidneys, so blood urea nitrogen (BUN) can be used as 
an indicator of renal health. Similarly, creatinine (Cr) levels, 
which can be easily measured for an evaluation of renal func-
tion, also indicate the status of kidneys. Renal failure causes 
electrolyte imbalance, which is the one of the atrial fibrillation 
causes. Also, higher cardiovascular events have been shown 
when creatinine clearance is < 80 mL/min [Kodani 2018].

Platelet activation leads to platelet pseudopodia formation 
as well as changes in the morphology and distribution that 
result in a spheric appearance. Accordingly, the mean plate-
let volume (MPV) and platelet distribution width (PDW) are 
easily identified and are useful sources of information about 
the platelets. Platelets form a larger structure upon activation, 
and their prothrombotic factor and vasoactive substance con-
centrations increase. These prothrombotic and vasoactive sub-
stances explain why platelets play a central role in thrombotic 
and inflammatory conditions. Likewise, increases in the MPV 
during thrombotic cardiovascular and cerebrovascular events 
have been shown to be related to mortality [Providência 2013].

MATERIALS AND METHODS

Patients: Included in this retrospective study were 81 
patients who underwent off-pump cardiopulmonary bypass 
grafting surgery between 2013 and 2019. The study was 
granted approval by the local institutional Ethics Committee 
of the University of Health Sciences (2019/88, 30.09.2019).

The exclusion criteria for this retrospective study were 
presence of preoperative AF or atrial flutter, preoperative 

Table 1. Demographic features of patients

PoAF (-) group N = 57 PoAF (+) N = 24 P*

Age (years) 60.63 ± 9.65 65.51 ± 9.89 .036†

Male gender, n (%) 32 (60.3) 15 (48.3) .975*

Hypertension, n (%) 24 (51) 13 (41.9) .429*

Diabetes mellitus, n (%) 23 (48.9) 19 (61.2) .001*

Renal insufficiency, n (%) 8 (17) 7 (22.5) .007*

Number of anastomosis 1.36 ± 0.48(1-3) 1.38 ± 0.49(1-3) .823‡

BSA 1.79 ± 0.15 1.86 ± 0.15 .246†

BMI 26.61 ± 4.7 26.97 ± 4.7 .635‡

PoAF: postoperative atrial fibrillation, BSA: body surface area, BMI: body mass index, *Pearson Chi-Square, †Student’s t test, ‡Mann-Whitney U test
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amiodarone use, presence of valvular heart disease, and redo 
operations. The demographic characteristics of the patients 
also were examined.

Laboratory measurements: The presence of diabetes, renal 
failure and other additional pathological conditions was deter-
mined through analyses of fasting blood samples collected in 
EDTA tubes as part of preoperative preparation. The blood 
samples were analyzed using an automated hematological 
analyzer (Coulter LH 780 Analyzer, CA, USA).

Diagnosis of PoAF: Patients were moved to the intensive 
care unit after surgery while the ET tube was in place, and 
the patients were intubated until muscle strength returned to 
normal. The hemodynamic parameters of the patients were 
monitored via continuous invasive blood pressure measure-
ment and cardiac rhythm monitorization. In addition, cardiac 
rhythm was documented with a daily 12-lead ECG recording, 
and a further 12-lead ECG was recorded upon the emergence 
of any extraordinary complaints. Medical cardioversions were 
performed after confirming the abnormal rhythms observed 
on the monitor to be associated with AF, involving the admin-
istration of amiodarone (5 mg/kg). A loading dose was admin-
istered over a 30-minute period, followed by a maintenance 
dose of 900 mg/day.

Statistical analysis: The Statistical Package for Social  
Sciences (IBM SPSS Statistic Inc. version 21.0, Chicago, 
IL, USA) software was used for statistical analysis. Nominal 
variables were expressed as frequency and percentages, and 
continuous variables were expressed as mean±standard devia-
tion. Kolmogorov-Smirnov and Shapiro-Wilk normality 
tests were used to evaluate the distribution of the variables. A  
Student’s t-test was used to compare continuous variables 
with normal distribution, and a Mann-Whitney U test was 
used to compare variables without normal distribution. A 
P-value less than 0.05 was considered statistically significant 
in all tests. A receiving operating characteristic (ROC) curve 
analysis was performed to determine the variables predicting 
the development of PoAF after off-pump CABG surgery, and 
the area under the curve was calculated for albumin levels.

RESULTS

Many hematological parameters change due to the fact 
that the blood flows into the extravascular area in on-pump 
CABG. While planning this study, external factors that may 
affect the results were reduced as much as possible. So, on-
pump surgeries were excluded from this study to achieve 
more reliable results.

The present study compared the development of PoAF 
in 81 patients after off-pump cardiopulmonary bypass graft 
surgery.  The PoAF (+) group included 57 patients (70.03%) 
with a mean age of 60.6 ± 9.6 years, and the PoAF (-) group 
included 24 patients (29.7%) with a mean age of 65.51 ± 
9.89 years. When evaluating gender, it was seen that the 
PoAF (-) group had more male patients (60%) and PoAF 
(+) had more female patients (52%). However, this finding 
was not statistically significant. An analysis of the demo-
graphic characteristics of the patients in the two groups, as 
presented in Table 1, revealed statistically significant differ-
ences in terms of age (P = .036), renal failure (P = .007), and 
DM (P = .001). 

From the laboratory data, a negative correlation was 
identified between hematocrit (Hct) and albumin levels 
and the presence of PoAF. PoAF often was accompa-
nied by low Hct (P = .001) and albumin (P = .000) values.  
Furthermore, a positive correlation was observed between 
the presence of PoAF and MPV (P = .02), BUN (P = .007), 
and Cr (P = .043) levels. So, elevated preoperative MPV 
values, BUN, and Cr levels are a predictor for PoAF  
(Table 2).

Finally, the results of the ROC curve analysis for albu-
min was as follows: a cut-off level of 3.05 for predict-
ing PoAF (area under the curve (AUC): 0.925, 95% CI: 
0.873–0.982, Log rank P = .000, 83.3% sensitivity, 98.3% 
specificity) (Figure). These findings show us there are 
some changeable parameters, such as low albumin and 
Hct levels, causing PoAF and we can take action against  
this situation.

Table 2. Laboratory variables of the patients

PoAF (-) group N = 57 PoAF (+) N = 24 P*

Hematocrit (%) 40.06 ± 3.65 37.45 ± 3.25 .001‡

White blood cell (103/µL) 9.11 ± 2.4 9.22 ± 2.56 .756†

Platelet (103/µL) 229.6 ± 127.6 193.7 ± 67.3 .154†

Mean platelet volüme (fL) 8.83 ± 1.1 9.23 ± 1.34 .020‡

BUN (mg/dL) 20.34 ± 6.5 26.80 ± 13.8 .007‡

Creatinine (mg/dL) 1.04 ± 0.24 1.37 ± 1.02 .043‡

Free T
4
 (ng/dL) 1.18 ± 0.32 1.04 ± 0.09 .186†

TSH (IU/mL) 3.32 ± 5.20 2.43 ± 1.41 .884†

Albumin (g/dL) 3.77 ± 0.47 2.87 ± 0.34 .000†

BUN: blood urea nitrogen, TSH: thyroid stimulating hormone, †Student’s t test, ‡Mann-Whitney U test
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DISCUSSION

AF is one of the most common complications to occur 
after open heart surgery, with reported incidence rates in 
the range of 20–40% [Phan 2015]. The inability of the 
atria to effectively contract decreases cardiac output over 
time by impairing ventricular function, thus worsening the 
symptoms of heart failure and resulting in thromboembo-
lism, stroke, and sudden death [Camm 2010]. Accordingly, 
many studies have been conducted into AF. The present 
study evaluates the effect of albumin levels on the develop-
ment of AF. A statistical analysis revealed that the rate of 
AF was significantly higher in cases with low albumin levels  
(P = .000).

Albumin is the natural transport protein in blood and has a 
long half-life. It is an antioxidant and also a marker of inflam-
mation [Chien 2017]. Albumin may exert its effect on the 
development of AF by decreasing AT-II levels, and may thus 
lead to coronary ischemia, while its antioxidant effects may be 
associated with its ability to retain the fluid in the intravascu-
lar area and prevent the development of hypovolemia.

Hypoalbuminemia is common in the post-cardiac sur-
gery period and especially in elderly patients with chronic 
heart failure [Novack 2010]. Many studies have concluded 
that low albumin is associated with cardiac mortality and 
morbidity. In some studies, hypoalbuminemia has been 
shown to cause a pulmonary congestion [Arques 2011], 
myocardial edemaand myocardial dysfunction [Dongaonkar 
2010], diuretic resistance and fluid retention [Elwell 2003], 
decrease in antioxidant functions and anti-inflammatory 
properties [Roche 2008].

In the present study, a high rate of AF was observed among 
patients with renal failure (P = .007).  In addition, BUN and 
Cr levels were higher in the PoAF (+) group (P = .007 and  
P = .043, respectively). Renal insufficiency (RI) paves the way 
for many other diseases that can threaten the patient’s life, 
although studies also have shown that RI alone may result in 
the development of AF [Okutucu 2017]. This can be attrib-
uted to the electrolyte imbalance that occurs in RI, acid-base 
disturbances, hypertension, and left atrial and left ventricular 
dilation occurring in time in patients with RI [Allison 2013]. 
The results of the present study are consistent with those 
reported in literature.

Advanced age is a widely accepted cause of PoAF [Green-
berg 2017]. A decrease in myocardial fibers and fibrosis, and 
collagen accumulation around the atrium and synoatrial nodes 
occur over time, and the incidence of PoAF thus increases 
with age [Greenberg 2017]. According to a study of 14,960 
patients who underwent cardiac surgery, the risk of devel-
oping PoAF increases after age 55, and the risk is five-fold 
higher after age 72 [Shen 2011]. The mean age in the PoAF 
(+) group (65.51 ± 9.89 years) in the present study was higher 
than in the other group (P = .036).

AF has been shown to occur frequently in patients with 
diabetes mellitus. In the VHAH study, DM was shown to be 
an independent and strong risk factor for the development 
of AF [Movahed 2005]. The oxidative stress and connexin 
remodeling observed in diabetic patients can be suggested 

as the cause of myocardial apoptosis, lipotoxicity, hyper-
trophy, metabolism disorders and decreases in contractile 
capacity in patients exhibiting symptoms of diabetic car-
diomyopathy [Movahed 2005; Goudis 2016]. In the pres-
ent study, DM was observed in 61.2% of patients in the 
PoAF (+) group, which was significantly higher than in the 
PoAF (-) group (P = .001). These findings are consistent 
with literature.

The Hct value is the ratio of the volume of hemoglo-
bin in the blood to the total volume of blood, and the rela-
tionship between Hct values and PoAF was investigated in 
the present study. The statistical analysis showed that Hct 
values were lower in the PoAF (+) group (P = .001). PoAF 
is more likely to develop in patients with low Hct levels 
[Öztürk 2018]. Low hemoglobin values as a risk factor for the 
development of PoAF can possibly be attributed to the low 
supply of oxygen to the myocardium, although the fact that 
this does not apply to low Hct values can be the subject of  
another study.

MPV is one of the parameters that commonly has 
been associated with the development of AF. There have 
been many studies conducted into this subject in which 
the relationship between the two parameters has been 
linked to the vasoactive substances released by the plate-
lets during inflammatory conditions and the morphologi-
cal changes that the platelets undergo. There have been 
studies reporting a higher risk of AF during the inflam-
matory period [Aviles 2003]. Increased inflammation 
means high MPV, which translates into low coronary 
blood flow [Feng 2013], more frequent thromboembolic 
events and left atrial stasis [Feng 2013]. In the present 
study, MPV was significantly higher in the PoAF (+) group 
(P = .020), and this finding is consistent with those of  
previous studies.

Albumin has been the main focus of the present study. 
Patients with valvular disease and those with obstructive lung 
disease were excluded from the study. As predicted, albumin 
levels were found to be associated with PoAF.

CONCLUSION

One of the most researched topics undoubtedly is atrial 
fibrillation. A wide range of studies of PoAF have been car-
ried out, evaluating DM, HT, RI, MPV, RDW, PLT and 
similar factors. While it can be treated, PoAF also can lead to 
serious complications. The present study found preoperative 
low albumin and Hct levels to be a risk factor for PoAF. Both 
parameters are easily replaceable before the operation, and 
this is easy way to prevent AF. In addition, considering the 
functions of albumin in the body, it is understood that hypoal-
buminemia and low Hct should be treated more aggressively 
during the postoperative period.

There were some limitations to this study. This was a 
single center and retrospective study. Off-pump CABG sur-
geries were not performed by a single surgeon. The number 
of patients included in the study is small. And finally, there is 
no record of long-term outcomes.
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