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Abstract 

Atrial fibrillation (AF) is the most common arrhythmia complicating surgery, however, 

its pathophysiologic mechanism in the postoperative setting is not fully understood. It has 

been established that it increases the risk of stroke and long-term mortality. Current 

evidence is lacking and so far postoperative atrial fibrillation is treated as non-valvular, 

non-surgical atrial fibrillation, complicating everyday clinical practice and challenging 

decision making. In our research we studied a population of 481 postoperative patients 

and tried to detect those with new onset AF. We aimed to evaluate their thromboembolic 

risk and examine how treatment strategy was designed, which parameters were taken 

under consideration and what an optimal approach would be like.  
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GENERAL PART 

Chapter 1. Introduction 

1.1  Definition of Post Operative Atrial Fibrillation 

Post operative atrial fibrillation (POAF) is defined as new-onset AF in the postoperative 

course6,21 and is the most common arrythmia complicating surgery. 16,26,27 It is recognized 

by no discernible P waves and an irregularly irregular rhythm on any ECG tracing.4,6 The 

median time of POAF diagnosis is 32 days5,23, most episodes presenting between the 

second and fourth postoperative day.1,4  

POΑF following cardiothoracic surgery incidence ranges from 30% to 50%1,5,31,36 

However, it is a frequent complication of noncardiac surgery too, occurring in 0.8% -29% 

of patients within the first 7 days postoperatively (peak incidence the first two days), 

depending on the type of the surgical procedure,11,27,31 and 5-10% after vascular or large 

abdominal surgeries specifically.1,19,39 

AF imposes an increased morbidity and mortality burden, increasing the risk of stroke by 

five-fold within the first postoperative month5,14 and accounting for about 50% of 

cardioembolic strokes.16,25 Besides being a troubling clinical problem, POAF affects the 

length of hospital stay and increases healthcare expenses.1,4,5,7,26,32,36 

POAF usually resolves spontaneously and may be subclinical.3,22,25,31,36 Nevertheless, 

clinically important new onset AF may cause angina, congestive heart failure and 

haemodynamic instabillity, or even require either a rate or rhythm control strategy.1, 18,26, 

29,31,36Given the fact that many episodes are transient, 19,26,39 detection is more possible 

during prolonged ECG monitoring.3 

The term AFOTS (Atrial Fibrillation Occuring Transiently with Stress) has also been 

used to describe AF as a transient phenomenon in a stressful setting (including surgery) 

that can resolve when the causal factor is reversed.3,5,22,26  

However, an AFOTS episode could itself indicate a first appearance of permanent AF, 

signaling the degeneration of the patients’ atrial substrate, which, in turn, increases the 

inducibility of the arrhythmia.3,11,14,32,38 
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1.1.1 Pathophysiology 

Postoperative AF is often a progressive and self-preserving arrythmia with complex 

pathophysiology that is not fully elucidated.2,7,16  

In Cardiothoracics, surgical maneuvers on the heart, local inflammation, and atrial 

stretch, may contribute to atrial electrophysiological alterations favoring the development 

of POAF.2,7,5,19,21 In non-cardiothoracic surgery, where no such manipulation of the 

cardiac muscle is involved, the pathophysiological mechanism causing the arrhythmia is 

more intricate and multifactorial, involving increased sympathetic drive, systemic 

inflammatory response, electrolyte and metabolic disturbances, hypoxia, and fluid 

imbalance (hypervolemia).19,21,26,28 These factors have a serious impact on the atrial 

substrate and eventually derange the organized atrial activity into fibrillatory.5,8,19,21,29  

Conceptually, triggering events and predisposing (underlying) conditions interact, 

favoring arrhythmogenesis and thromboembolism in more susceptible subjects.3,8,21,29,31 

Predisposed subjects are those with multiple systemic diseases as represented by a higher 

CHADS2VAS2C score (history of hypertension, diabetes mellitus, valvular disease, left 

ventricular dysfunction, obesity, sleep apnea, increased age, impaired renal function and 

alcohol consumption)16,24,31, as well as patients who underwent a pulmonary, vascular, or 

abdominal surgery.2,18,36,37 Some studies report that advanced age, hypertension, and more 

complicated diseases, as are congestive heart failure and vascular disease, can even 

predict POAF.5,36,37   

New-onset AF after surgery can also be correlated with postoperative complications, such 

as “leaks” or fluid collections, infection, anemia, ischemia, autonomic dysfunction (e.g 

secondary to pain, blood loss, or drug withdrawal), or other cardiac and pulmonary 

dysfunction.3,5,8,21 On the other hand, in some cases there is no such obvious underlying 

mechanism.5 

More interestingly, outside cardiac surgery, a POAF episode may simply indicate an 

increased predisposition to thromboembolism.23,38 Long-term risk is strongly associated 

with non-cardiac POAF.1,22,27  

Despite the fact that AFOTS is usually eliminated by resolution of the underlying 

pathology,3,21 it is not quite clear yet, if it tends to recur in the future.3,14,21 
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1.1.2 Εpidemiology 

It has been established that POAF occurrence differs according to the surgical procedure 

performed.5,32 Rates after cardiac surgery reach up to 50% for certain 

procedures,5,32,33,36,37 while incidence of after non cardiac surgery is about 3–10%.19,21,39 

However, data concerning new-onset POAF after general surgery is limited.5,6 It seems to 

develop more often after major, urgent and thoracic surgery, ranging from 1 to 35%.3 It 

affects approximately 12%-30% of patients after abdominal surgery,5,6,8 17.6% of patients 

after intrathoracic esophagectomy,5 while in colorectal surgery the incidence of AFOTS 

ranges between 9 and 14%.3 In surgical procedures that involve the biliary tract, the 

pancreas, and upper gastrointestinal system, malignancies not included, postoperative 

atrial fibrillation had the lowest rates at 4.8%, 5.2%, and 5.6%, respectively.5 

Nevertheless, the frequency of new onset AF after surgery is most likely underestimated, 

as continuous rhythm monitoring is not routinely used in all postoperative patients.3,8,30  

A prospective study from Guenancia et.al reported the highest incidence of AFOTS in 

literature in ICU patients monitored with an ambulatory device continuously for a week. 

The monitors recognized at least one episode of AF in 44% of the patients, lasting at least 

30 s. Clinicians were able to recognize only two-thirds of cases.3,30 

 

1.1.3 Recurrence 

Many episodes of POAF are self-terminating and subclinical and a large proportion of 

patients present asymptomatic during follow-up,1,15 which may lead to the assumption 

that small paroxysmal episodes remain undetected and the overall incidence is 

underestimated.38 

Nevertheless, since the arrhythmia appears for the first time, it increases the risk of 

recurrence by four to five-fold in the following 5 years.1,314,33,38 Postoperative patients 

complicated by AF precipitants such as infection, thyroid malfunction, pulmonary or 

pericardial disease, the recurrence rates were even higher in the first 5-6 years of 

follow-up, reaching a proportion of 44%.3,14 

Additionally, patients with underlying “silent” atrial myopathy, in whom surgical stress is 

just the triggering event for AF manifestation are more likely to recur and present with a 
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thromboembolic event as well.11,39 Recurrent strokes represent 12% of thrombotic 

complications annually15 and POAF patients are twice as likely to present with one in the 

first postoperative year.19 

As far as noncardiac surgery for malignancies is concerned, POAF seems to recur at high 

rates and this can be attributed to carcinogenesis and paraneoplastic syndromes, which 

cause chronic inflammatory response.17  

 

1.1.4 Risk of thromboembolism in AF after non cardiac surgery 

Τhe long term risk of thromboembolic complications, is understudied in the non-cardiac 

POAF population, in contrast to those with AF outside of the operative setting.22,23,27 The 

existence, however, of additional risk factors or preexisting cardiovascular disease 

(reflected by a high CHA2DS2-VASc score) cause a long term risk for thromboembolism 

at least as high as in patients with non-operative, non- valvular AF.2,15, 23,24 According to 

the Framingham study investigators, the systemic embolism risk in subclinical POAF, is 

similar with that noticed in clinical atrial fibrillation25 Other studies have shown that 

patients with postoperative AF present a higher risk of early and long-term stroke (62% 

and 37% respectively), as well as higher mortality rates in comparison to those without 

postoperative AF.1,11,22,27,39 Even subclinical-device detected- AF has long ago been 

suspected to correlate with the -so called- cryptogenic strokes.25  

In some studies, the manifestation of even a single 6-minute lasting episode of subclinical 

POAF was enough to increase the risk of subsequent stroke or other systemic embolism, 

mortality, and length of stay.22,25,29 

POAF also increases the risk for myocardial ischemia (myocardial infarction and death in 

the first postoperative year)23, congestive heart failure, bacterial lung infections and, 

consequently, longer hospital stay.1,23,26,28 Surprisingly, it has been reported in literature 

that the risk of myocardial infarction appears to be higher than that of stroke, which may 

also imply that underlying predisposing risk factors of patients who developed POAF 

(and not the arrhythmia alone), are responsible for ischemic brain complications.23  

On the other hand, the POISE trial (including a 8351 patients undergoing noncardiac 

surgery and comparing beta-blocker vs. placebo) showed that new-onset clinically 
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significant AF increased the risk of stroke within the first month postoperatively. 

Reevaluation of the periprocedural risk factors did not change the risk of stroke in the 

first month after surgery.26  

Even if the initial arrhythmia is successfully converted to sinus rhythm, patients are twice 

as likely to have a stroke in the first postoperative year,19 giving the patient a poor 

prognosis, including severe neurological deficits and recurrence.15 

Taking into account the large number of noncardiac surgical procedures performed 

worldwide, the transient nature of POAF and the long-term burden it imposes, the 

necessity for continuous monitoring needs to be further investigated.2,15,22 

Moreover, considering oral anticoagulation (OAC) treatment to AF patients after non 

cardiac surgery as in patients with non-operative AF, seems rational and is tempting for 

clinicians.11,23 However, this conclusion may be rushed, since evidence data for post 

discharge OAC is lacking.2,23 

 

1.1.5 Treatment 

Currently, there is no robust trial evidence to guide management of new-onset POAF 

patients, in order to prevent thromboembolism after non cardiac surgery.11,15,27,31 Whether 

oral anticoagulation is a safe and long term effective strategy for these subjects needs to 

be further investigated,1,15,27,31,33 since the exact prevalence of POAF patients who 

eventually develop permanent atrial fibrillation is not clear yet.23 So far, uncertainty 

remains regarding the thromboembolic risk of POAF as well, because of its transient and 

reversible nature in the setting of surgical stress. 11,15 Some studies support that under 

these circumstances it is not sure whether POAF actually increases stroke rates and 

conceptually, whether long term anticoagulation is needed.14,15 Moreover, it is not 

established how many strokes are actually of cardioembolic origin and whether 

anticoagulation helps prevent them.23,31  

Controversy also exists about the duration of POAF episodes. Most guidelines agree 

initiating OAC in AF patients with AF persisting longer than 48 hours, while the benefit 

of anticoagulation remains controversial when POAF is shorter in duration.1,12,14,15,26  
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The UK National Institute of Health and Care Excellence (NICE) recommendations 

suggest treating postoperative AF in the same way as AF of any other origin.19,20 

Anticoagulation in the POAF population is complex and challenging.15,27 In the 

postoperative period the balance between hypercoagulable state and increased risk of 

bleeding is fragile,8 which can lead to adverse cardiovascular outcomes, disability, and 

death.8,15,27 When deciding for OAC, it should be made with caution, preferably 

involving patients’ preferences and considering long –term benefit.8,26  

The CHA2DS2VASc and HAS-BLED scores are recommended for assessing the 

thromboembolic and bleeding risk respectively.1,12,15,35,37 However, both of them have 

been designed for assessing AF patients with non-valvular atrial fibrillation outside the 

operative course.11,12,13 

Patients at high risk for thromboembolism are more benefited from OAC, than those with 

a lower CHA2DS2VASc score.1,11,15 However, that also entails a higher bleeding risk, 

because of common predisposing risk factors and commorbidities.15 Long term 

anticoagulation for preventing thromboembolism should always be balanced against the 

potential of major bleeding,11,15,24,34,35 considering that 15% of patients on such medicine 

manifest a bleeding complication during follow-up.15 

A study reports, that in the presence of other comorbidities (as represented by a higher 

CHA2DS2VASc rating), no anticoagulation at 30days post-surgery increases the risk of 

stroke as the patient’s score increases.15 Furthermore, stroke risk insisting beyond 12 

months following noncardiac surgery, does not support the theory of POAF being a 

benign condition with no need of oral anticoagulation for a long period after surgery.27 

On the contrary, it suggests that oral anticoagulation in the postoperative setting may 

confer not only stroke prevention, but vascular benefits as well.23 

Despite all controversies, things seem to be different and clearer for patients developing 

atrial fibrillation after noncardiac surgery for malignancies, who should receive 

anticoagulation for long-term period postoperatively.17 

As far as oral anticoagulation is concerned, direct new oral anticoagulants are preferable 

to Vitamin K antagonists, because of their better inherent pharmacological properties, 

provided that no mechanical valve or severe renal dysfunction is present.1 They are not, 
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however, recommended for immediate postoperative use, because of the difficulty in 

reversing their activity, in case of major bleeding.8 Postoperative bleeding varies 

according to the surgical procedure performed and the surgeon should always participate 

in decision making.8 

The majority of patients, does not require immediate anticoagulation, but when initiated, 

OAC should be continued for 4–6 weeks, even when atrial fibrillation converts to sinus 

rhythm postoperatively.8 

1.2 Similar studies 

Atrial fibrillation has been recognized as is an independent risk factor associated with a 

five-fold increase in stroke is established since 1991 in the Framingham study, that 

examined a population of 5,070 patients, during 34 years of medical follow-up. 10 

From 1996 to 2015, Danish authors Butt H. J., et.al., studied the risk of thromboembolic 

events in POAF patients after non-cardiac surgery accessing nationwide data. They 

concluded that the risk of thromboembolism in this population is as high as in 

non-surgical, non-valvular atrial fibrillation and was significantly reduced with 

anticoagulation treatment.2 

Elharram, et al run a retrospective analysis of 22.007 patients that presented new onset 

AF following non cardiac surgery. Their analysis aimed to determine the impact of oral 

anticoagulation on the incidence thromboembolic, as well as major bleeding events.15  

Compared to the Danish nationwide registry-based study, Elharam et al report that POAF 

patients not receiving OAC were in lower thromboembolic risk than matching patients 

with non-valvular non-surgical AF, contrary to what is reported by Butt H. J., et al,2,15 

and, therefore, suggesting that the optimal management of POAF patients, should not be 

guided by what we already know about preexistent non valvular AF.2,11,15 

Heywood et al studied a population of 2967 patients, that underwent abdominal surgery 

and, more specifically, gastrointestinal and hepatobiliary. A proportion of 6% older than 

65 years were likely to develop AF within 90 days postoperatively, having also lower 

survival rates. Preexisting heart failure, hypertension, and vascular disease increase the 

risk of POAF even more.5 
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Another clinical research from Higuchi S., et. al., included patients who underwent 

non-cardiac surgeries for malignancies. Authors present POAF as a frequently recurring 

complication and realized that anticoagulation may have contributed to lower rates of 

stroke in men with CHA2DS2 -VASc score of ≥1 and women with a score ≥ 2.17 

Alonso-Coello, et. al., undertook a substudy from the PeriOperative ISchemic Evaluation 

(POISE) trial and identified age and surgery as independent risk factors, predicting the 

development of new onset AF. They also found out that only a small proportion of POAF 

patients gets discharged on anticoagulation treatment, regardless of a high 

CHADS2VA2SC score.18 

Conen D., et al followed 18.000 POAF patients for 1 year after non-cardiac surgery to 

find that they were associated with higher stroke risk, as well as poor cardiovascular 

prognosis, including myocardial infarction.23 

Healey S. J, et. al. studied subclinical atrial tachyarrhythmias (AF included) in 2580 

patients and followed them up for 2.5 years. They concluded that subjects with 

subclinical episodes in the past 3 months had higher stroke or systemic embolism rates 

than those with no arrhythmia detected.25 
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SPECIFIC PART (CLINICAL RESEARCH) 

Chapter 2. Methods 

2.1 Purpose of review 

The purpose of the literature review was to highlight the incidence frequency of 

non-cardiac postoperative new-onset atrial fibrillation, as well as the stroke risk and 

mortality burden it imposes in the long term. Atrial fibrillation’s significance lies in its 

potential adverse outcomes and its appearance in the postoperative setting is 

understudied. Furthermore, evidence regarding management of POAF patients is lacking, 

so similar studies were searched, in order to understand current clinical strategies that 

help evaluate the thromboembolic risk of this patient category and define a proper 

anticoagulation treatment. 

2.2 Patients’ inclusion and elimination criteria 

In our study we included patients that underwent non cardiac surgical procedures, 

pertaining to orthopedic, urological and abdominal, regardless if they were inpatients’ 

surgeries or urgent ones. Postoperative patients after cardiac surgery were excluded. 

Furthermore, we aimed to focus on major, more stressful surgeries, so we excluded minor 

procedures, such as eye, ear, breast, obstetrical and skin/ subcutaneous surgeries.  

2.3 Methodology of the study and data extrapolation 

For the general review part of the study three major search engines, namely PubMed, 

EMBASE, and MEDLINE were searched for articles that matched any combination of 

the following key words: [non cardiac surgery] OR [atrial fibrillation] AND 

[postoperative] OR [thrombotic risk] AND [anticoagulation] OR [treatment] AND 

[bleeding risk]. Only papers in English were included, focusing on the thromboembolic 

risk of non-cardiac postoperative patients and their optimal anticoagulation treatment. As 

long as the clinical research part of the study is concerned, two hospital centers were 

involved, in which no cardiac or other thoracic surgeries are performed. Τhe time interval 

in which we examined postoperative patients was from May 2021 till August 2021. 
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Patients programmed for orthopedic, abdominal, or urological surgery were examined on 

a regular basis preoperatively, and again immediately after surgery, and on the first two 

days after surgery, besides those who presented with an urgent clinical complication or 

symptom, such as shortness of breath, palpitations, tachycardia, chest pain or acute 

hemodynamic instability. Examination in asymptomatic patients included auscultation, 

and ECG. Continuous cardiac monitoring was possible only for patients that underwent a 

large bowel surgery, abdominal surgery for malignancy, or those who had a difficult 

intubation and became unstable during surgery.  

For those who were diagnosed with atrial fibrillation, we completed a form with patient’s 

basic social (e.g family of friends, ability for regular follow-up) and medical 

characteristics (e.g possible predisposing factors) and the type of surgery. Data was 

stratified using the CHA2DS2-VASc score to predict each patient’s risk for thrombotic 

complications and the HASBLED score to evaluate the bleeding risk. Using surgeon’s 

opinion, we estimated the thrombotic and bleeding risk of each surgical procedure, as 

well as the postoperative bleeding possibility of the surgical field. Antithrombotic 

treatment was decided through a multidisciplinary approach and adjusted to patient’s 

kidney function, according to the current guidelines.  

2.4 Definitions 

Atrial fibrillation was defined as an irregularly irregular cardiac rhythm in auscultation as 

well as pulse sensation and was confirmed by the absence of discernible p waves, besides 

the abnormal QRS intervals. 

Patients at high thromboembolic risk were considered those with a CHA2DS2VASC score 

[Congestive heart failure=1pt, Hypertension=1pt, Age ≥75 years=pts, Diabetes 

mellitus=1pt, Stroke=2pts, Vascular disease=1pt, Age 65-74 years=1pt, Sex category 

(female)=1pt]1 ≥1 or ≥2 for men and women respectively. 

Postoperative patients with a HASBLED [uncontrolled Hypertension=1pt, Abnormal 

liver/kidney function=1pt for each, Stroke=1pt, Bleeding history or predisposition=1pt, 

Labile INR=1pt, Elderly/age> 65=1pt, Drugs or excessive alcohol drinking=1pt]1 score 
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of 3 or more were defined as at high bleeding risk and antithrombotic treatment was 

reduced to the half dosage. 

Anticoagulation was also half-reduced to patients with abnormal renal function and more 

specifically when glomerular filtration rate was lower than 50ml/min/1.73m2, using the 

MDRD method. 

Antithrombotic parenteral treatment included subcutaneous injections of weight adjusted 

Low Molecular Weight Heparin, mostly enoxaparin, besides the cases where the surgeon 

had already provided a prophylactic treatment with other heparins (usually tinzaparin or 

bemiparin), so the initial dosage and substance were modified accordingly.  

2.5 Statistical analysis 

For the present study a paired t-test was performed, as the small sample of patients did 

not allow any further statistical testing. According to the paired t-test the null hypothesis 

that the HCT value during admission equals to the HCT value postoperatively is rejected 

at 5% level of significance. More specifically, the mean value of HCT during admission 

is statistically higher than the mean of HCT postoperatively. The mean difference equals 

to 4.175 (s.e.=1.12) units.  

Stata 16.0 was used to perform the analysis. The level of significance is set to 5%. 

Chapter 3. Results 

3.1 Patient data description 

In this study we examined a total of 481 surgical patients. 325 underwent abdominal 

surgeries, 72 were orthopedic procedures and the rest 84 were urological. 12 of the 

postoperative patients developed new-onset atrial fibrillation after surgery. Of those, 8 

were abdominal surgeries (2 for cancer, 2 for bowel obstruction and 1 diaphragmatic 

hernia), 2 were urological (both for malignancies) and 2 orthopedic procedures, one for 

hip fracture reconstruction, and a total arthroplasty. Most patients were women and 

patients’ age ranged from 54 to 94 years. 

The majority of patients had an elevated CHA2D2SVASC score and all of them were 

provided anticoagulation treatment, both in the acute phase of the arrhythmia and at 
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discharge, as well. Seven of them were diagnosed on the second postoperative day, so 

therapeutic dosages were immediately initiated. For the rest of them, diagnosis was made 

either in the first 6 hours postoperatively, or while already taking a prophylactic dose of 

heparin (i.e as in the case of the orthopedic surgeries, where immobilization is part of the 

recovery). Those patients were on reduced, weight adjusted LMWH at first and 

therapeutic dosage continued on the first or second 24hours, according to surgeon’s 

choice, regarding the hemostatic status of the field. None of the surgeons preferred per os 

treatment in the acute phase of the arrhythmia. In fact, the majority was discharged on 

heparin, mostly because of the fear of anastomotic “leaks” or long-term bleeding 

complications. Patients were advised to seek for further treatment consultation by a 

cardiologist after the first 20-30 days postoperatively.  

In single case of a young female subject with hypertension as a single risk factor, a 

reduced therapeutic dose of rivaroxaban 15 was prescribed at discharge for no obvious 

reason for 30 days. During follow up sinus rhythm was maintained for a long 

postoperative period (as confirmed by successive portable follow-up monitoring devices) 

and anticoagulation was discontinued after the first postoperative month. Bleeding 

complicated only one of our postoperative patients, that underwent a urological surgery 

for cauterization of bladder papillomas, with a history of mechanical mitral valve, already 

receiving vitamin K antagonist (VKA) before surgery. Surgeon’s choice was bridging 

with LMWH before initiating the VKA, however bleeding through the urinal catheter 

delayed the per os treatment further. In the end, enoxaparin was discontinued and VKA 

alone was initiated, luckily without any thrombotic complications or further bleeding. 

Hospital stay was, however, significantly prolonged. In the acute phase of the arrhythmia 

all cardiologists advised for initiation of enoxaparin subcutaneously. However, the final 

therapy was defined by the surgeon alone.  

3.2 Result composition 

Smoking Freq. Percent Cum. 

No 8 66.67 66.67 

Yes 4 33.33 100.00 

Total 12 100.00  
Table 1. Smoking 
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Table 2. Alcohol 

 Gender   

Smoking Male Female Total 

No 1 7 8  

Yes 3 1 4  

Total 4 8 12  

Alcohol Freq. Percent Cum. 

Never 8 66.67 66.67 

Socially 4 33.33 100.00 

Total 12 100.00  
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Table 3. Surgery 

 

Type of surgery Freq. Percent Cum. 

Abdominal 8 66.67 66.67 

Orthopedic 2 16.67 83.33 

Urological 2 16.67 100.00 

Total 12 100.00  
 

 

Table 4. Type of surgery 

Surgery  Freq. Percent Cum. 

Bladder cancer resection 1 8.33 8.33 

Cauterization of bladder 

papillae 

1 8.33 16.67 

Diaphragmatic hernia repair 1 8.33 25.00 

Emphysematous 

cholecystitis-peritonitis 

1 8.33 33.33 

Open cholecystectomy 1 8.33 41.67 

Separated hip fracture-total 

arthroplasty 

2 16.67 58.33 

Partial gastrectomy - stomach 

Ca 

1 8.33 66.67 

Postoperative abdominal 

hernia 

1 8.33 75.00 

Sigmoidectomy 1 8.33 83.33 

Small bowel perforation, 

peritonitis, septic shock 

1 8.33 91.67 

Small intestinal 

intussusception 

1 8.33 100.00 

Total 12 100.00  
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Infection Freq. Percent Cum. 

No 6 50.00 50.00 

Yes 6 50.00 100.00 

Total 12 100.00  
Table 5. Infection 

 

Anemia Freq. Percent Cum. 

No 4 33.33 33.33 

Yes 8 66.67 100.00 

Total 12 100.00  
Table 6. Anemia 
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Difference of HCT between admission and postoperatively. A value lower than -2 is considered as anemia. 

Thrombotic Risk    

 Freq. Percent Cum. 

Low 3 25.00 25.00 

Moderate 4 33.33 58.33 

High 5 41.67 100.00 

Total 12 100.00  

 

Table 7. Thrombotic risk of surgery (total) 
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Hemorrhagic Risk    

 Freq. Percent Cum. 

Low 4 33.33 33.33 

Moderate 4 33.33 66.67 

High 4 33.33 100.00 

Total 12 100.00  
Table 8. Hemorrhagic risk of surgery (total) 

 

 

 Surgery Thrombotic Risk Hemorrhagic 

Risk 

Postoperative abdominal hernia Low Low 

Open cholecystectomy Low Low 

Diaphragmatic hernia repair Low Moderate 

Small intestinal intussusception Moderate Low 

Sigmoidectomy Moderate Moderate 

Emphysematous cholecystitis-peritonitis Moderate Moderate 

Cauterization of bladder papillae Moderate High 

Small bowel perforation, peritonitis, septic shock High Low 

Partial gastrectomy - stomach Ca High Moderate 

Separated hip fracture-total arthroplasty High High 

Bladder cancer resection High High 

Table 9. Type of surgery/ bleeding/ thromboembolism 
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Antithrombotic drugs (acute phase of 

arrhythmia) 

Freq. Percent Cum. 

enoxaparin 6000iu o.d first 6hrs 1 8.33 8.33 

bemiparin 5mg o.d 1 8.33 16.67 

enoxaparin 6000iu o.d 2 16.67 33.33 

enoxaparin 6000iu b.i.d 3 25.00 58.33 

enoxaparin 8000iu b.i.d 3 25.00 83.33 

enoxaparin 8000iu o.d first 6 hrs 1 8.33 91.67 

tinzaparin 14.000iu o.d 1 8.33 100.00 

Total 12 100.00  
Table 10. Anticoagulation/ acute phase 

 

Antithrombotic drugs 

(discharge) 

Freq. Percent Cum. 

Enoxaparin 6000iu b.i.d 3 25.00 33.33 

Enoxaparin 8000iu b.i.d 4 33.33 66.67 

Dabigatran 150mg b.i.d 1 8.33 75.00 

Acenocoumarol  1 8.33 83.33 

Rivaroxaban 15mg o.d 1 8.33 91.67 

Rivaroxaban 20mg o.d 2 16,66 100.00 

Total 12 100.00  
Table 11. Anticoagulation/discharge 

 

Comparison of the mean of HCT during admission and postoperatively 

 Mean Std. Error 95% Confidence 

Interval 

HCT (admission) 37.14 1.26 (34.36 , 39.92) 

HCT (postoperatively)  32.97 1.65 (29.33 , 36.60) 

Difference 4.175 1.12 (1.71 , 6.64) 

H0: HCT (admission) = HCT (postoperatively) p-value = 0.0034 
 

According to the paired t-test the null hypothesis that the HCT value during admission equals to the HCT 

value postoperatively is rejected at 5% level of significance. More specifically, the mean value of HCT 

during admission is statistically higher that the mean of HCT postoperatively. The mean difference equals 

to 4.175 (s.e.=1.12) units.  

Chapter 4. Discussion 

Our study is a brilliant example of how difficult it is to detect postoperative atrial 

fibrillation episodes, especially when continuous rhythm monitoring is not available. We 

confirm that most episodes occurring in this setting were asymptomatic and the majority 
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of them were randomly discovered. We were not able to capture the duration of the 

arrhythmia either. 

Moreover, patients with more predisposing risk factors, as represented by a higher 

CHA2DS2VASC score, were more likely to develop AF after surgery than those who did 

not, as were the patients that were complicated with infection (mostly of the lungs), and 

anemia. Some of those patients had symptomatic episodes of AF and usually complained 

of palpitations, dyspnea, or chest discomfort. Furthermore, POAF occurred with higher 

incidence rates in patients that underwent a major abdominal surgery, either for 

malignancy or bowel obstruction, as well as women. Anticoagulation treatment was 

decided according to the currently existing guidelines about non valvular, non-surgical 

AF. However, no common strategy seemed to exist and, further, the thrombotic and 

bleeding risk could not be precisely balanced. Dosage adjustments had to be made by 

experience and surgeon’s preferences. 

 

Limitations of our study  

Our study is restricted by several limitations. First of all, continuous cardiac 

electrocardiography was not available, so the duration and number of events could not be 

captured. Secondly, patients were examined immediately after surgery and again on the 

first two postoperative days, so whether AF persisted at discharge is not known. 

Moreover, many cases may have been missed and the number of POAF patients we 

detected cannot be considered statistically important. In addition, not all patients came 

back for a follow up within the first postoperative month to check if the arrhythmia 

recurred. Furthermore, since the preoperative cardiological screening involves a 

superficial ECG, the preexistence of baseline paroxysmal AF cannot be known. The two 

hospital centers that were involved in the study perform only abdominal, orthopedic and 

urological surgeries, so no general conclusion about non-cardiac surgery can be 

extracted. 
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Chapter 5. Conclusions 

POAF is a common arrhythmia presenting in the stressful setting of surgery. It has been 

associated with elevated stroke risk as well as increased long-term morbidity and 

prolonged hospital stay. It is still not completely understood whether POAF is an 

arrhythmia occurring transiently with stress (also known as AFOTS) or if an even 

short-lasting episode preludes permanent or recurring AF, indicating a complex 

underlying pathophysiology. 

Surgical patients represent a special and demanding population with many predisposing 

risk factors favoring the development of fibrillatory atrial activity and diagnosis is of 

great importance. However, detection especially without continuous monitoring and 

given the transient character of the arrhythmia, is challenging and many cases may be 

missed.  

Unfortunately, the exact thromboembolic risk of POAF or is not fully elucidated and data 

guiding the optimal anticoagulation treatment is lacking. Moreover, recurrence incidence 

of POAF is quite unclear and treatment duration cannot be decided with safety in the 

absence of more data regarding the surgical population. Therapists so far base their 

decision making on guidance about non valvular atrial fibrillation outside the 

postoperative setting. Under these circumstances, no specific or safe treatment can be 

decided and clinical practice is encumbered. Further studies that consider the eminent 

characteristics of postoperative atrial fibrillation patients alone are needed. 

Chapter 6. Summary  

In conclusion, POAF is the arrhythmia that more often complicates non cardiac surgery. 

Its nature and future recurrence possibility is not completely understood but it imposes a 

great risk of stroke and long-term mortality. In our study, patients that underwent a large 

abdominal surgery, surgery for malignancies, those who already have predisposing risk 

factors and those who presented with infection, anemia or similar distress after surgery 

had higher incidence rates. Since the thrombotic risk of POAF patients cannot be exactly 

determined with current evidence data, all patients were treated with anticoagulation, 

weighing embolism towards the risk of bleeding. Cooperation between surgeons and 
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cardiologists was the key to a successful postoperative management, as defining a 

treatment strategy in this understudied population is quite challenging in everyday 

clinical practice. Further evidence and management guidance is needed, as surgical 

patients represent a very special group of patients, requiring close attention and careful 

handling.  

Chapter 7. References 

1. Hindricks G., Potpara T., Dagres N., et. al., 2020 ESC Guidelines for the diagnosis and 

management of atrial fibrillation developed in collaboration with the European 

Association for Cardio-Thoracic Surgery (EACTS): The Task Force for the diagnosis and 

management of atrial fibrillation of the European Society of Cardiology (ESC) 

Developed with the special contribution of the European Heart Rhythm Association 

(EHRA) of the ESC, European Heart Journal, Volume 42, Issue 5, 1 February 2021 

2. Butt H. J., Olesen B.J., Havers-Borgersen E., et. al., Risk of Thromboembolism 

Associated With Atrial Fibrillation Following Noncardiac Surgery, J Am Coll Cardiol. 

2018 Oct, 72 (17) 2027–2036 

3. McIntyre F. W., Connolly J. S.t, Healey S. J., Atrial fibrillation occurring transiently with 

stress, Curr Opin Cardiol 2018 Jan;33(1):58-65.doi: 10.1097/HCO.0000000000000 475. 

4. Aguilar M., Nattel S., Postoperative Atrial Fibrillation After Noncardiac Surgery: Maybe 

Not So Benign After All, Can J Cardiol . 2019 Nov;35(11):1423-1425. doi: 

10.1016/j.cjca.2019.08.013. 

5. Heywood E G., Drake M T., Bradburn M., Lee J., Wilson J. M., Lee. J. M., Atrial 

Fibrillation After Gastrointestinal Surgery: Incidence and Associated Risk Factors, J Surg 

Res. 2019 Jun;238:23-28. doi: 10.1016/j.jss. 2019. 01. 017. Epub 2019 Feb 5. 

6. Chebbout R, Heywood E G, Drake M T, Wild J R L, Lee J, Wilson M., Lee J M, A 

systematic review of the incidence of and risk factors for postoperative atrial fibrillation 

following general surgery, Anaesthesia 2018 Apr;73(4):490-498. doi: 10.1111/anae. 

14118 . Epub 2017 Nov 4. 

Institutional Repository - Library & Information Centre - University of Thessaly
05/07/2024 12:54:47 EEST - 18.116.37.153

https://pubmed.ncbi.nlm.nih.gov/?term=Potpara+T&cauthor_id=32860505
https://pubmed.ncbi.nlm.nih.gov/?term=Dagres+N&cauthor_id=32860505


28 

 

7. Bhave D P., Goldman L. E., Vittinghoff E., Maselli J., Auerbach A., Incidence, 

Predictors, and Outcomes associated with Postoperative Atrial Fibrillation after Major 

Non-Cardiac Surgery, Am Heart J. 2012 December ; 164(6): 918–924. doi:10.1016/j.ahj. 

2012.09.004. 

8. Joshi K. K., Tiru M., Chin T., Fox T M. & Stefan S. M., Postoperative atrial fibrillation 

in patients undergoing non-cardiac non-thoracic surgery: A practical approach for the 

hospitalist, Hosp Pract (1995). 2015; 43(4): 235–244. doi: 10.1080/21548331.2015.1096 

181 

9. Hollenberg M. S., R. Dellinger P., Noncardiac surgery: Postoperative arrhythmias, Crit 

Care Med . 2000 Oct;28(10 Suppl):N145-50. doi: 10.1097/00003 246-200010001-00006. 

10. Wolf A. P., Abbott D. R., Kannel B. W., Atrial fibrillation as an independent risk factor 

for stroke: the Framingham Study, Stroke . 1991 Aug;22(8):983-8. doi: 10.1161/ 01.str. 

22.8. 983.  

11. Pollak P T., Mitchell L B., Anticoagulation Therapy for Patients With New-Onset 

Postoperative Atrial Fibrillation After Noncardiac Surgery: Must Do, May Do,or Don’t 

Do?, Can J Cardiol. 2021 Mar;37(3):359-361.doi:10.1016/ j.cjca. 2020. 10.004. Epub 

2020 Oct 13. 

12. January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/HRS guideline for the 

management of patients with atrial fibrillation: a report of the American College of 

Cardiology / American Heart Association Task Force on practice guidelines and the 

Heart Rhythm Society, Circulation 2014;130:e199-267. 

13. Frendl G, Sodickson AC, Chung MK, et al., 2014 AATS guidelines for the prevention 

and management of perioperative atrial fibrillation and flutter for thoracic surgical 

procedures, J Thorac Cardiovasc Surg 2014;14:e153-193. 

14. McIntyre F.,W., Mendoza A. P., Belley-Cote P.E., Design and rationale of the Atrial 

Fibrillation Occurring Transiently with Stress (AFOTS) follow-up cohort study, Clin. 

Cardiol.. 2018 Oct;41(10): 1273-1280.doi:10.1002/clc.23053.Epub 2018 Oct 18. 

Institutional Repository - Library & Information Centre - University of Thessaly
05/07/2024 12:54:47 EEST - 18.116.37.153



29 

 

15. Elharram M, Samuel M, AlTurki A, et al. Anticoagulant use and the risk of thrombo- 

embolism and bleeding in postoperative atrial fibrillation after noncardiac surgery. Can J 

Cardiol 2021;37:391-9. 

16. Chao T.F., Liu J.C., Chen J. S.,et al, CHADS2 score and risk of new-onset atrial 

fibrillation: A nationwide cohort study in Taiwan, Int J Cardiol . 2013 Sep 30;168(2): 

1360-3. doi: 10.1016/j.ijcard.2012.12.011. 

17. Higuchi S., Kabeya Y., Matsushita K., et al, Perioperative Atrial Fibrillation in 

Noncardiac Surgeries for Malignancies and One-Year Recurrence, Can J Cardiol . 2019 

Nov;35 (11 ) : 1449-1456. doi: 10.1016/j.cjca.2019.07.008. Epub 2019 Jul 11. 

18. Alonso-Coello P, Cook D, Xu SC, et al. Predictors, prognosis, and management of new 

clinically important atrial fibrillation after noncardiac surgery: a prospective cohort study. 

Anesth Analg 2017;125:162-9. 

19.  Sellers D., Srinivas C., Djaiani G., Cardiovascular complications after non-cardiac 

surgery, Anaesthesia . 2018 Jan;73 Suppl 1:34-42. doi: 10.1111/anae.14138.  

20. National Institute for Health and Clinical Excellence (NICE). CG (180) Atrial Fibrillation 

(update): the management of atrial fibrillation. 2014 Jun., PMID: 25340239 Bookshelf 

ID: NBK248059 

21. Dobrev D, Aguilar M, Heijman J., Guichard J.B., Nattel S., et al, Postoperative atrial 

fibrillation: mechanisms, manifestations and management, Nat Rev Cardiol. 2019 Jul; 

16(7):417-436. doi: 10.1038/s41569 -019- 0166-5. 

22. Gialdini G., Nearing K., Bhave D. P., et al, Perioperative Atrial Fibrillation and the 

Long-term Risk of Ischemic Stroke, JAMA. 2014 August 13; 312(6): 616–622. doi:10. 

1001/ JAMA. 2014. 9143. 

23. Conen D., Alonso-Coello P., Douketis J., et al, Risk of stroke and other adverse outcomes 

in patients with perioperative atrial fibrillation 1 year after non-cardiac surgery, European 

Heart Journal (2019) 0, 1–7 doi:10.1093/eurheartj/ehz431 

Institutional Repository - Library & Information Centre - University of Thessaly
05/07/2024 12:54:47 EEST - 18.116.37.153



30 

 

24. Olesen B. J, Lip Y H G, Hansen L. M., et.al., Validation of risk stratification schemes for 

predicting stroke and thromboembolism in patients with atrial fibrillation: nationwide 

cohort study, BMJ. 2011 Jan 31;342:d124. Doi:10.1136/bmj.d124 

25. Healey S. J., Connolly J. S., Gold R. M., et.al, Subclinical Atrial Fibrillation and the Risk 

of Stroke, Ν Engl J Med 2012; 366:120-129, DOI: 10.1056/NEJMoa1105575 

26. Bessissow A., Khan J., Devereau J. P., Alvarez-Garcia J., Alonso-Coello P., 

Postoperative atrial fibrillation in non-cardiac and cardiac surgery: an overview, J 

Thromb Haemost . 2015 Jun;13 Suppl 1:S304-12. doi: 10.1111/jth.12974. 

27. AlTurki A., Marafi M., Proietti R., et.al, Major Adverse Cardiovascular Events 

Associated With Postoperative Atrial Fibrillation After Noncardiac Surgery, Circ 

Arrhythm Electrophysiol. 2020 Jan;13(1):e007437. doi: 10.1161/CIRCEP.119.007437. 

Epub 2020 Jan 16. 

28. Christians K., Wu B., Quebbeman J E., Brasel J. K., Postoperative atrial fibrillation in 

noncardiothoracic surgical patients, Am J Surg . 2001 Dec;182 (6): 713-5. doi: 10.1016/ 

s0002-9610(01)00799-1. 

29. Kuipers S., Klein Klouwenberg P., and Cremer L O., Incidence, risk factors and 

outcomes of new-onset atrial fibrillation in patients with sepsis: a systematic review, Crit 

Care. 2014 Dec 15;18(6):688. doi: 10.1186/s13054-014-0688-5. 

30. Guenancia C., Binquet C., Laurent G., et.al., Incidence and Predictors of New-Onset 

Atrial Fibrillation in Septic Shock Patients in a Medical ICU: Data from 7-Day Holter 

ECG Monitoring, Current Opinion in Cardiology: January 2018, doi: 10.1097/ 

HCO.0000000000000475 

31. Vallurupalli S., Shanbhag A., Mehta L. J., Controversies in postoperative atrial 

fibrillation after noncardiothoracic surgery: clinical and research implications, Clin. 

Cardiol. 2017 May;40(5):329-332. Doi:10.1002/clc.22652.Epub 2017 Mar 8. 

32. Shen J., Lall S., Zheng V., The persistent problem of new-onset postoperative atrial 

fibrillation: A single-institution experience over two decades, J Thorac Cardiovasc Surg. 

2011 Feb ;141(2):559-70.doi: 10.1016/j.jtcvs.2010.03.011. 

Institutional Repository - Library & Information Centre - University of Thessaly
05/07/2024 12:54:47 EEST - 18.116.37.153



31 

 

33. Riad S.F., German K., Deitz S., Sahadevan J., Sundaram V., Waldo L. A., Attitudes 

toward anticoagulation for postoperative atrial fibrillation: A nationwide survey of VA 

providers, Pacing Clin Electrophysiol. 2020 Nov;43(11):1295-1301. 

Doi:10.1111/pace.14095.Epub 2020 Oct 28. 

34. Testa S ., Paoletti O., Legnani C., Low drug levels and thrombotic complications in 

high-risk atrial fibrillation patients treated with direct oral anticoagulants, J Thromb. 

Haemost. 2018 May;16(5):842-848. Doi:10.1111/jth.14001.Epub 2018 Apr 17. 

35. Olesen J . B., Lip G., Hansen P., Bleeding risk in ‘real world’ patients with atrial 

fibrillation: comparison of two established bleeding prediction schemes in a nationwide 

cohort, L Thromb Haemost. 2011 Aug;9(8):1460-7.doi: 10.1111/ j.1538-7836.2011.043 

78.x. 

36. Bidar E, Bramer S, Maesen B, Maessen G J, Schotten U, Post-operative atrial fibrillation- 

Pathophysiology, Treatment and Prevention, J Atr Fibrillation. 2013 Apr-May; 5(6): 781. 

doi: 10.4022/jafib.781 

37. Burgos L., Seoane L., Parodi J., Postoperative atrial fibrillation is associated with higher 

scores on predictive indices, J Thorac Cardiovasc Surg. 2019 Jun;157(6):2279-2286. doi: 

10.1016/j.jtcvs.2018.10.091.Epub 2018 Oct 28. 

38. Lubitz A. S, Yin X., Rienstra M., Long-Term Outcomes of Secondary Atrial Fibrillation 

in the Community The Framingham Heart Study, Circulation.2015 May 12;131(19): 164 

8-55.doi: 10.1161/CIRCULATIONAHA.114.014058. Epub 2015 Mar 13. 

39. Lin M.; Kamel H, Singer D., Wu Y., Lee M., Ovbiagele B., Perioperative/Postoperative 

Atrial Fibrillation and Risk of Subsequent Stroke and/or Mortality A Meta-Analysis, 

Stroke. 2019 Jun;50(6):1364-1371. Doi:10.1161/STROKEAHA.118023921.Epub 2019 

May 2. 

Institutional Repository - Library & Information Centre - University of Thessaly
05/07/2024 12:54:47 EEST - 18.116.37.153


