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Abstract
Background: Atrial fibrillation is an arrhythmia that results from abnormal depolarization
of the atrium. Atrial fibrillation occurs in 5–40% of patients with cardiovascular bypass
surgery, usually occurs on 2 to 4 days postoperatively. The aim of this study was Effect of
variability of central venous pressure values to prevent atrial fibrillation after coronary
bypass grafting.
Methods: The present clinical trial study was performed on 150 patients undergoing cardiac
surgery referred to Ayatollah Rohani Hospital of Babol. Patients were divided into 3 groups,
with normal range pressure (8 to 12 mmHg), low pressure (less than 8), high pressure
(greater than 12) based on central venous pressure measurements. Patients were evaluated
every 4 hours to 72 hours for central venous pressure, AF incidence and urine output.
Finally, the data are analyzed by spss statistical software.
Results: In this study 79 (52.7%) patients were male and 71 (47.3%) were female. In
examining changes in central venous pressure, the time effect also significantly increased
central venous pressure. The results of independent t-test showed that the mean of central
venous pressure changes in subjects with at day 16, second day at 16, 20, 24, third day at 4,
8, 12, 16, 20 and 24 hours Atrial fibrillation. Significantly more than those without
atrialfibrillation (P<0.05).
Conclusion: In the study, central venous pressure changes the effect of time significantly
increases the central venous pressure. Individuals with atrial fibrillation also had
significantly greater central venous pressure changes than those without atrial fibrillation.
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oronary artery bypass graft (CABG) surgery depends on the severity of the
symptoms, coronary anatomy, and left ventricular function. Candidate patients have
problematic or debilitating symptoms that, with medical treatment, are not completely
controlled, or they cannot tolerate medical treatment and want to live a more active life, or
stenosis in several branches of the coronary artery. They have severe. Atrial fibrillation is
the most common postoperative arrhythmia that results from abnormal depolarization of the
atrium, leading to a lack of atrial contraction (1-3). This complication is a potential for
prolonging the hospital stay in the hospital and also for neurological and renal complications.
The prevalence of atrial fibrillation varies from 5-40% after coronary artery bypass graft
alone to 40% after valvular surgery and 50% after concurrent coronary and valve bypass
surgery (4).
Copyright © 2020, Babol University of Medical Sciences
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Atrial fibrillation has been reported between 12-7% in
patients undergoing non-cardiac surgery (5). The time of
onset of this complication is between 2-4 days after surgery
and the maximum onset is the second day after surgery. In
90% of patients who suffer from this complication, this
condition continues until the fourth day and in 94% until the
end of the sixth day (6). Postoperative atrial fibrillation is an
independent factor for mortality (7). For these reasons, finding
a way to prevent the occurrence of this complication can be
effective in reducing the length of hospital stay and the other
complications, and also reduce costs. Several factors are
effective in the development of atrial fibrillation after surgery.
Atrial fibrillation in the postoperative period of CABG,
due to the increased risk of congestive heart failure and
embolic events, especially stroke, in the long run leads to
worsening of patients' hemodynamic conditions. Strokes are
so serious complications that are seen in 2% of surgical
patients. In addition, atrial fibrillation is associated with
increased hospital mortality and worsening long-term
prognosis (3). One of the causes of atrial fibrillation is an
increase in atrial size following volume administration and an
increase in central venous pressure (8).
An important indicator of right ventricular filling pressure
is the right ventricular filling pressure, ie the amount of blood
pumped with each heartbeat (9). It is also an accurate indicator
of the heart's ability to pump blood to maintain normal blood
pressure and tissue perfusion. Finally, CVP is considered the
correct indicator of right ventricular diastolic end volume
(10). CVP is measured using a Central Venous Catheter. One
end of the CVC is connected to an electronic manometer or
transducer, computer, or monitor. Ultrasound may be used as
a guide for CVC entry (11).
CVP monitoring is more accurate than measuring blood
pressure, because changes in circulating volume are reflected
in the CVP as soon as the blood volume decreases, and the
CVP changes rapidly. The first stage of shock is followed by
blood loss, while the blood volume decreases, the
compensatory mechanisms act and the blood pressure remains
normal, and only the CVP shows this decrease, while blood
pressure is normal. CVP increases when there is an increase
in the volume of the circulatory system or heart failure, and
CVP decreases as result bleeding or fluid shifts inside the
body compartments or volume loss (such as shock or as
diabetes insipidus) (9, 12). The patient usually develops
respiratory symptoms when the CVP is increasing.
Conversely, when CVP is decreasing, urine volume may
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decrease and the patient may complain of severe thirst (12).
Nowadays, cardiovascular diseases, including coronary heart
disease, are one of the leading causes of death in humans
worldwide (13). According to the World Health Organization,
it will be the leading cause of death worldwide by 2020 (14).
In the Eastern Mediterranean and the Middle East, including
our country, cardiovascular disease is a major health and
social problem, the rate of which is increasing rapidly.
In sporadic studies in Iran, 25 to 45% of the relative deaths
were due to cardiovascular disease (15). Coronary heart
disease, as one of the most common cardiovascular diseases,
causes various complications such as myocardial infarction,
angina pectoris and heart failure, each of which is a health
problem (16). Atherosclerosis mainly causes angina pectoris
and myocardial infarction, which is one of the most common
diagnoses in hospitalized patients in industrialized countries
(17). It causes more death, disability and cost than other
diseases, so that ischemic heart disease is the most common
cause of death in both men and women if all age groups are
considered (17).
Coronary artery bypass graft surgery is one of the most
valuable treatments that, if performed in a timely manner, can
play a key role in reducing mortality and complications from
these diseases. In this operation, which may be open or closed
heart surgery, a bypass is created between the blocked arteries
to supply blood to the heart muscle. Approximately 598,000
coronary artery bypass graft surgeries are performed annually
in the United States alone, and although much progress has
been made in drug therapy and catheterization procedures,
surgical interventions are still the bases for the treatment of
these diseases (18).
A 2017 study by Costa MACD et al. in Brazil found that
keeping the central venous pressure lower (group 15 with
central venous pressure) in the first 72 hours after surgery was
relatively less risky. It is from POST CABG AF and can even
prevent arrhythmias (1). A 2012 study by Wen-Hwa et al. In
China. They compared two groups of people with POST
CABG AF and those without POST CABG AF who
underwent heart surgery and concluded that left atrial
dilatation was an independent factor in the development of
POST CABG AF and nosocomial mortality (p = In a 2004
study in Brazil by Silva et al., They reported that the incidence
of POST CABG AF was high, significantly increasing
morbidity and mortality and increasing the length of hospital
stay. It was also said that among the independent factors,
increasing fluid intake has a more prominent role (19). In a
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study conducted by Judson et al. In 2015 in the United States,
which randomly selected 2390 patients at high risk of surgery
or at the same time, they evaluated valvular problems and
underwent coronary artery bypass grafting and concluded that
central venous pressure in the first six hours after surgery, it
was associated with mortality for the first 30 days as well as
length of hospital stay (p = 0.001) (20). Due to the limited
studies conducted in this field and the fact that such a study
has not been done in Iran, so we decided to measure the
incidence of AF by controlling the central venous pressure in
the normal range to be able to measure the results of this study
to prevent or minimize occurrence of POST CABG AF.

Method
This study was performed on patients who referred to
Rouhani Hospital for open heart surgery between 2018 and
2019, after obtaining permission from the ethics committee of
Babol University of Medical Sciences with the ethics code:
IR.MUBABOL.HRI.REC.1398.009. The sample size was
assumed to be 40% in AF and with 95% confidence level and
8% accuracy, with the following formula, the sample size was
calculated as 145 patients, which we collected a total of 150
patients.

Inclusion criteria for patients who are candidates for open
heart surgery and exclusion criteria’s, were patients with large
atrium (either right or left), presence of moderate to high heart
failure at the same time (mean ejection fraction less than
35%), the presence of AF before Operation, previous renal,
hepatic, pulmonary disease, moderate to upper heart valve
disorders, and peripheral vascular disease were considered.
Then patients whom underwent CABG surgery and were
transferred to the intensive care unit Based on central venous
pressure measurements, patients were divided into two
groups: the group with increased or decreased central venous
pressure during hospitalization. With treatment, we
normalized the central venous pressure in both groups, so that
in the low-pressure group, giving fluids and, if necessary,
vasopressor, and in the high-pressure group, limiting fluids
and giving IV Furosemide. Then we examined the patients
every 4 hours to 72 hours (3 days and nights), in terms of
central venous pressure digitally with Saadat computer device
and also continuous cardiac monitoring with 12-lead
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electrocardiogram device in terms of AF incidence and urine
output control. The data and obtained from the two groups
were analyzed by SPSS statistical software and when
comparing the data, if the data distribution is normal, t-test
and Chi-square, and if the data distribution is not normal, from
Non-parametric tests were used. P value less than 0.05 was
considered significant. Normal (8 to 12 mm Hg), low pressure
group (less than 8), high pressure group (more than 12).

Results
In this study, 150 patients with cardiovascular bypass
surgery were studied, of which 79 (52.7%) were male and 71
(47.3%) were female. 16 patients (10.7%) had atrial
fibrillation and 134 patients (89.3%) did not develop this
complication. The minimum age of patients was 41 years and
the maximum age was 85 years and the mean age of patients
was 65.30 years with a standard deviation of 8.76 years Table
(1-4).
Table 1: Demographic characteristics of research subjects
variable
Frequency Percentage
male
79
52.7
Sex
female
71
47.3
yes
16
10.7
Atrial fibrillation
no
134
89.3
Age ( SD ± Mean)
65.30 ±8.79
In men, 5 patients (6.3%) and in women, 11 patients
(15.5%) developed atrial fibrillation, which did not show a
statistically significant difference (P=0.07). In the study of
mean age between people with atrial fibrillation and those
who did not, it was found that people with atrial fibrillation
had a mean age of 65.50 7 7.27 and those who did not have
atrial fibrillation had a mean age of 65.16 94 8.94 This
difference was not statistically significant (P=0.56) (Table 24).
Table 2: Relationship between age and sex variables with
atrial fibrillation
Yes

No

Frequency

Frequency

(%)

(%)

male

5 (6.3)

74 (93.7)

female

11 (15.5)

60 (84.5)

AF
Variable
sex

Meaningfulness

0.07
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)Age±SD)

65.50±7.27

65.16±8.94

0.56

In estimating the mean time of atrial fibrillation in patients
using Kaplan Meyer method, the mean time was equal to 77.0
hours with a standard deviation of 5.72 hours which can be
seen in Table 3 and Figure 1.
Table 3: Mean and 95% confidence interval of atrial
fibrillation
Mean Time
95% Confidence
Estimation
SD
Lower limit
Upper limit
77.0
5.72
36.42
58.86

Atrial Fibrilation time

Figure 1: Chart of atrial fibrillation time in patients
by Kaplan Meyer method
In the study of changes in central venous pressure, the
results of analysis of variance with repeated data showed that
the effect of time significantly increases the central venous
pressure (P<0.001, df=18, F=36.29). Also, patients with atrial
fibrillation had significantly more changes in central venous
pressure than those without atrial fibrillation (P<0.001, df = 1,
F=15.90). Finally, the interaction between time and atrial
fibrillation was also reported to be significant (P<0.001,
df=18, F=3.41).
The results of independent t-test showed that at the time of
the first day at 16:00, the second day at 16, 20, 24, the third
day at 4, 8, 12, 16, 20 and 24 the average changes in central
venous pressure in people with Atrial fibrillation is

significantly higher than people who did not have atrial
fibrillation (P<0.05) (Table 3).
Table 4: Mean changes in central venous pressure in
individuals with and without atrial fibrillation.
Atrial Fibrillation
Central
vein
Meaningfulness
yes
No
Pressure
Mean±SD
Mean±SD
First day
0/33
9/68 ± 1/92 10/17±1/91
Hour 0
First day
0/88
10/43±2/22 10/52±2/25
Hour 4
First day
0/90
11/06±2/04 10/98±2/34
Hour 8
First day
0/08
12/43±1/67 11/45±2/17
Hour 12
First day
0/007
13/12±2/52 11/63±2/0
Hour 16
First day
0/22
13/0±2/06 12/27±2/26
Hour 20
First day
0/15
13/56±1/82 12/70±2/28
Hour 24
Second
0/13
day Hour 4 14/43±2/27 13/53±2/27
4
Second
0/16
14/50±2/28 13/55±2/62
day Hour 8
Second
0/08
day Hour
15/0±2/06 13/90±2/45
12
Second
0/04
day Hour
15/25±2/90 13/88±2/54
16
Second
0/001
day Hour
15/93±2/97 13/76±2/41
20
Second
0/004
day Hour r 15/31±2/72 13/43±2/38
24
Third day
0/003
14/81±2/37 13/15±2/0
4 Hour 4
Third day
0/003
15/31±2/44 13/12±1/75
Hour 8
Third day
0/007
15/31±2/98 12/95±1/84
Hour 12
Third day
0/01
15/0±2/96 12/91±1/65
Hour 16
Third day
0/005
15/37±3/07 12/85±1/72
Hour 20
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Third day
Hour 24

15/25±2/46

12/64±1/72

0/001

Figure 2: Diagram of changes in central venous pressure
in individuals with and without atrial fibrillation

Discussion
In a study conducted by Costa MACD et al. In 2017 in
Brazil entitled "Comparison of the effect of two strategies of
central venous pressure control on the incidence of POST
CABG AF" on 140 patients in two groups of 70, one with
central venous pressure 15 and Another was performed with a
central venous pressure of 20, concluding that keeping the
central venous pressure lower (group with a central venous
pressure of 15) in the first 72 hours after surgery was relatively
less risky than POST CABG AF, and even Can prevent
arrhythmia, which in our study also showed that people with
atrial fibrillation had significantly more changes in central
venous pressure than people without atrial fibrillation. The
study also showed that the average age of people was between
60-63 years (1).
In our study, the mean age of individuals in the two groups
with and without fibrillation was 65 years, with no statistically
significant difference between the two groups. While age over
65 is one of the most important risk factors for atrial
fibrillation after CABG, age is associated with myocardial
structural changes due to degeneration processes (fibrosis and
dilation), which lead to abnormal resistance and conduction
and atrial fibrillation is possible.
A 2012 study by Wen-Hwa et al. In China entitled "Left
Atrial Dilatation, a Criteria for POST CABG AF and Hospital
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Mortality after Cardiovascular Reconstruction Surgery" was
performed on 197 patients without known valvular problems.
They compared two groups of people with POST CABG AF
and those without POST CABG AF who underwent heart
surgery and concluded that left atrial dilatation was an
independent factor in the development of POST CABG AF
and nosocomial mortality (p = Also in this study, the results
showed that among the factors associated with atrial
fibrillation after CABG age, male gender (21). In our study,
although the number of men who underwent CABG surgery
was higher than women, the rate of atrial fibrillation was
higher in women than men, but there was no statistical
difference between them. This could indicate that gender
could not be a significant risk factor for postoperative AF.
In a 2015 study by Judson et al. In the United States, a
statistical analysis of the study entitled "Can central venous
pressure after vascular bypass surgery predict mortality and
postoperative renal failure?" Randomly evaluated 2390
patients at high risk of surgery or at the same time with
valvular problems and underwent coronary artery bypass
grafting and concluded that central venous pressure in the first
six hours after surgery with a mortality of 30 days First and
also related to the length of hospital stay (p = 0.001) (20).
Nezam Ahmadi et al. In 2012, in a study aimed at
investigating hemodynamic changes after coronary artery
bypass grafting and related factors in patients undergoing
open heart surgery admitted to the intensive care unit of
cardiac surgery, showed results that showed the amount of
pressure Central vein above normal within 24 hours after
patient admission, decrease and decrease in central venous
pressure below normal at 24 hours after patient admission,
indicating improvement in central venous pressure. The
highest frequency of central venous pressure above normal
was related to the time 2 hours after admission to the ward
(8.28%) and the highest frequency in patients with lower than
normal central venous pressure was related to the time 12
hours after admission to the ward. (6.26%) Also, the highest
frequency of normal central venous pressure is related to the
time 4 hours after the patient enters the ward (22). While the
results of our study, changes in central venous pressure, based
on the results of analysis of variance, showed that the effect
of time significantly increases the central venous pressure.
Alavi et al. Conducted a study in 2016 with the aim of
comparing the index of pulse pressure fluctuations and central
venous pressure in assessing fluid volume and its optimal
optimization in patients after heart surgery. Their results
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showed that the rate of changes in central venous pressure
after from receiving the volume of fluids has reached a
considerable level. However, this increase was not in line with
the increase in cardiac index and other cardiac function
indices, and it can be concluded that any increase in central
venous pressure is associated with an increase in these indices,
which was not the case, and it can be concluded that any
increase Significantly (statistically) in central venous pressure
cannot be clinically effective in improving the prognosis of
patients (23).
But in our study, the results showed that people who had
atrial fibrillation had significantly more changes in central
venous pressure than people who did not have atrial
fibrillation. Evaluating fluids and determining intravascular
volume clinically in critically ill patients undergoing major
surgery such as heart surgery is a major challenge. The
purpose of assessing intravascular volume status in patients
with hemodynamic instability is primarily to determine
whether they benefit from fluid administration. Among the
limitations of this study, blinding was not performed in the
CVP evaluation of this study. Thus, physicians' responses to
CVP values may lead to underestimating the relationship
between CVP and outcome.
In conclusion CABG is associated with postoperative
complications and risks, although its advantages far outweigh
its disadvantages, so it is important to know enough about
these complications and related factors to get the best results
to increase patient survival. Found. The results of the Current
study showed that in the study of changes in central venous
pressure, the effect of time significantly increases the central
venous pressure, so that on the third day the mean changes in
central venous pressure in people with atrial fibrillation are
significantly higher than those who They did not develop
atrial fibrillation. Also, people with atrial fibrillation had
significantly more changes in central venous pressure than
people who did not.

Acknowledgments
The authors would like to express their gratitude to the
Clinical Research Development Unit of Rouhani Hospital in
Babol.

Funding: No

Conflict of interest: In this study, no significant conflict of
interest was observed between the patients, researchers and
the treatment center.

References
1. Kotecha D, Piccini JP. Atrial fibrillation in heart failure:
what should we do? Eur Heart J 2015; 36: 3250-7.
2. Dzeshka MS, Lip GY, Snezhitskiy V, Shantsila E. Cardiac
fibrosis in patients with atrial fibrillation: mechanisms and
clinical implications. J Am Coll Cardiol 2015; 66: 943-59.
3. Violi F, Soliman EZ, Pignatelli P, Pastori D. Atrial
fibrillation and myocardial infarction: a systematic review
and appraisal of pathophysiologic mechanisms. J Am
Heart Assoc 2016; 5: e003347.
4. Singh R, Kashyap R, Bhardwaj R, et al The clinical and
etiological profile of atrial fibrillation after
echocardiography in a tertiary care centre from North
India-a cross sectional observational study. Int J Res Med
Sci 2017; 5: 847-50.
5. Zimetbaum P. Atrial fibrillation. Ann Intern Med 2017;
166: ITC33-ITC48.
6. No authors listed. Atrial Fibrillation. Am Family
Physician. 2016; 94: Online.
7. Kis Z, Theuns DA, Bhagwandien R, et al. Type and rate
of atrial fibrillation termination due to rotational activity
ablation combined with pulmonary vein isolation. J
Cardiovasc Electrophysiol 2017; 28: 862-9.
8. Steinberg JS, Zelenkofske S, Wong SC, et al. Value of the
P-wave signal-averaged ECG for predicting atrial
fibrillation after cardiac surgery. Circulation 1993; 88:
2618-22.
9. Cairns JA, Connolly S, McMurtry S, et al. Canadian
Cardiovascular Society atrial fibrillation guidelines 2010:
prevention of stroke and systemic thromboembolism in
atrial fibrillation and flutter. Can J Cardiol 2011; 27: 7490.
10. Verma A, Jiang C-y, Betts TR, et al. Approaches to
catheter ablation for persistent atrial fibrillation. N Engl J
Med 2015; 372: 1812-22.
11. Singh SM, d'Avila A, Kim YH, et al. Termination of
persistent atrial fibrillation during pulmonary vein
isolation: insight from the MAGIC-AF trial. Europace
2017; 19: 1657-63.
12. Magder S, Serri K, Verscheure S, Chauvin R, Goldberg P.
Active expiration and the measurement of central venous
pressure. J Intensive Care Med 2018; 33: 430-5.

Caspian J Intern Med 2021; 12(3): 299-306
CVP normalizing to prevent AF after coronary bypass grafting

13. Schauer C, Diprose W, Verster F. Clinical assessment of
central venous pressure: time for an update? Intern Med J
2017; 47: 344-5.
14. Magder S. How to use central venous pressure
measurements. Curr Opin Crit Care 2005; 11: 264-70.
15. Magder S. Central venous pressure monitoring. Curr Opin
Crit Care 2006; 12: 219-27.
16. Gelman S. Venous function and central venous pressure:
a physiologic story. Anesthesiology 2008; 108: 735.
17. Smith RN, Nolan JP. Central venous catheters. BMJ 2013;
347: f6570.
18. Auer J, Berent R, Eber B. Amiodarone in the prevention
and treatment of arrhythmia. Curr Opin Investig Drugs
2002; 3: 1037-44.
19. Zaidel E. Amiodarone: updated review of its current
usefulness. Arc Clin Exp Cardiol 2019; 1: 102.
20. Randolph AG, Cook DJ, Gonzales CA, Pribble CG.
Ultrasound guidance for placement of central venous
catheters: a meta-analysis of the literature. Critical Care
Med 1996; 24: 2053-8.
21. Smith B, Neuharth RM, Hendrix MA, McDonnall D,
Michaels AD. Intravenous electrocardiographic guidance
for placement of peripherally inserted central catheters. J
Electrocardiol 2010; 43: 274-8.
22. Yang Y, Ma J, Zhao L. High central venous pressure is
associated with acute kidney injury and mortality in
patients underwent cardiopulmonary bypass surgery. J
Crit Care 2018; 48: 211-5.
23. Habib AS, Moul JW, Polascik TJ, et al. Low central
venous pressure versus acute normovolemichemodilution
versus conventional fluid management for reducing blood
loss in radical retropubic prostatectomy: a randomized
controlled trial. Curr Med Res Opin 2014; 30: 937-43.
24. Montero D, Rauber S, Goetze JP, Lundby C. Reduction in
central venous pressure enhances erythropoietin synthesis:
role of volume-regulating hormones. Acta Physiologica
(Oxf) 2016; 218: 89-97.
25. Kasper D, Braunwald E, Fauci A, et al. Approach to the
patient with cardiovascular disease: disorders of the
cardiovascular system: Harrison's principles of internal
medicine. 19th ed. New York: McGraw-Hill 2008; p:
1301.
26. Rezaeian M, Dehdarinejad A, Esmaili Nadimi A,
Tabatabaie S. Geographical epidemiology of deaths due to
cardiovascular diseases in counties of Kerman province.
Iran J Epidemiol 2008; 4: 35-41. [in Persian]

305

27. Mirmiran P, Esmaillzadeh A, Azizi F. Detection of
cardiovascular risk factors by anthropometric measures in
Tehranian adults: receiver operating characteristic (ROC)
curve analysis. Eur J Clin Nutr 2004; 58: 1110–8.
Available
at:
https://www.nature.com/articles/1601936#citeas
28. Braunwald E. Coronary artery bypass grafting: heart
disease. 5th ed. Philadelphia: WB Saunders 1997; pp: 23540.
29. Bennett JC. Epidemioligy of cardiovascular disease. In:
Lee Goldman, Andrew Schafer. Cecil textbook of
Medicine. 21st ed. USA; Philadelphia: WB Saunders
2008, p: 46.
30. Kasper D, Fauci A, Hauser S, et al. Harrison's principles
of internal medicine. 19th ed. USA; McGraw-Hill
Professional Publishing 2015; pp: 125-30.
31. Walsh R, Fang J, Fuster V, O'Rourke RA. Hurst's the
Heart Manual of Cardiology. 13th ed. USA; McGraw-Hill
Publishing 2012; pp: 58-60.
32. Sadeghi Meibodi A. Investigation the outcomes of CABG
in patients with left ventricular dysfunction. J Guilan Univ
Med Sci 2010; 19: 97-102. [in Persian]
33. Costa M, Lirani W, Wippich AC, et al. Comparison of two
central venous pressure control strategies to prevent atrial
fibrillation after coronary artery bypass grafting. Arq Bras
Cardiol 2017; 108: 297-303.
34. Bhatt
HV,
Fischer
GW.
Atrial
fibrillation:
pathophysiology and therapeutic options. J Cardiothorac
Vasc Anesth 2015; 29: 1333-40.
35. Mostafa A, El-Haddad MA, Shenoy M, Tuliani T. Atrial
fibrillation post cardiac bypass surgery. Avicenna J Med
2012; 2: 65-70.
36. Echahidi N, Pibarot P, O’Hara G, Mathieu P. Mechanisms,
prevention, and treatment of atrial fibrillation after cardiac
surgery. J Am Coll Cardiol 2008; 51: 793-801.
37. Vaporciyan AA, Correa AM, Rice DC, et al. Risk factors
associated with atrial fibrillation after noncardiac thoracic
surgery: analysis of 2588 patients. J Thorac Cardiovasc
Surg 2004; 127: 779-86.
38. Aranki SF, Shaw DP, Adams DH, et al. Predictors of atrial
fibrillation after coronary artery surgery: current trends
and impact on hospital resources. Circulation 1996; 94:
390-7.
39. El‐Chami MF, Merchant FM, Smith P, et al. Management
of new‐onset postoperative atrial fibrillation utilizing
insertable cardiac monitor technology to observe

306

recurrence of AF (MONITOR‐AF). Pacing Clin
Electrophysiol 2016; 39: 1083-9.
40. Lomivorotov VV, Efremov SM, Pokushalov EA,
Karaskov AM. New-onset atrial fibrillation after cardiac
surgery: pathophysiology, prophylaxis, and treatment. J
Cardiothor Vasc Anesth 2016; 30: 200-16.
41. Hilbert T, Ellerkmann RK, Klaschik S, Putensen C,
Thudium M. The use of internal jugular vein
ultrasonography to anticipate low or high central venous
pressure during mechanical ventilation. J Emerg Med
2016; 50: 581-7.
42. Wang WH, Hsiao SH, Lin KL, et al. Left atrial expansion
index for predicting atrial fibrillation and in-hospital
mortality after coronary artery bypass graft surgery. Ann
Thor Surg 2012; 93: 796-803.
43. Silva RG, Lima GG, Laranjeira A, et al. Risk factors,
morbidity, and mortality associated with atrial fibrillation

Caspian J Intern Med 2021; 12(3):299-306
Baghaeian A, et al.

in the postoperative period of cardiac surgery. Arq Bras
Cardiol 2004; 83: 99-104.
44. Williams JB, Peterson ED, Wojdyla D, et al. Central
venous pressure after coronary artery bypass surgery: does
it predict postoperative mortality or renal failure? J Crit
Care 2014; 29: 1006-10.
45. Ahmadi N, Reza Masouleh S, Shekani Z, Kazem Nezhad
Leili E. Hemodynamic changes and related factors in
patients undergoing coronary artery bypass grafting
surgery. J Holis Nurs Midwifery 2012; 22: 1-10. [in
Persian]
46. Alavi M, Babaee T, Ghadrdoost M, Azad A. Comparative
study of pulse pressure variation and central venous
pressure in evaluation of fluid status in mechanically
ventilated patients after cardiac surgery. Iran J Cardiovasc
Nurs 2016; 4: 14-21.

