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Abstract

Background: A previous retrospective cohort study established the relationship between perioperative atrial
fibrillation (POAF) and subsequent mortality and stroke. However, the details regarding the cause of death and
etiology of stroke remain unclear.

Methods: The prospective cohort study of surveillance for perioperative atrial fibrillation recurrence in major non-
cardiac surgery for malignancy (PREDICT AF RECURRENCE) registry is an ongoing prospective cohort study to
elucidate the long-term recurrence rate and the clinical impact of new-onset POAF in the setting of head and neck,
non-cardiac thoracic, and abdominal surgery for malignancy. In this study, cardiologists collaborate with a surgical
team during the perioperative period, carefully observe the electrocardiogram (ECG) monitor, and treat arrhythmia
as required. Furthermore, patients who develop new-onset POAF are followed up using a long-term Holter ECG
monitor, SPIDER FLASH-t AFib®, to assess POAF recurrence.

Discussion: Even if patients with malignancy survive by overcoming the disease, they may die from any
preventable cardiovascular diseases. In particular, those with POAF may develop cardiogenic stroke in the future.
Because details of the natural history of patients with POAF remain unclear, investigating the need to continue
anticoagulation therapy for such patients is necessary. This study will provide essential information on the
recurrence rate of POAF and new insights into the prediction and treatment of POAF.

Trial registration: University Hospital Medical Information Network Clinical Trial Registry (UMIN-CTR):
UMINO00016146; Data of Registration: January 7, 2015.

Keywords: Perioperative atrial fibrillation (POAF), Non-cardiac surgery, Oncology, Stroke

* Correspondence: sahiguchi-circ@umin.acjp

'Division of Cardiology, Department of Internal Medicine II, Kyorin University
School of Medicine, Tokyo, Japan

'Division of Cardiology, Department of Internal Medicine II, Kyorin University
School of Medicine, 6-20-2 Shinkawa, Mitaka City, Tokyo 181-8611, Japan

Full list of author information is available at the end of the article

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12872-018-0862-9&domain=pdf
http://orcid.org/0000-0002-7914-8256
https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000018270
mailto:sahiguchi-circ@umin.ac.jp
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Higuchi et al. BMIC Cardiovascular Disorders (2018) 18:127

Background

Atrial fibrillation (AF) is one of the most common types
of arrhythmia and a common health-related problem, with
increasing incidence and prevalence worldwide [1, 2]. AF
is associated with increased mortality and incidence of
thromboembolic events, such as stroke [3—5], and is most
likely induced by clinical conditions, such as hypertension,
diabetes mellitus, and heart failure [6—8]. Furthermore,
AF often occurs after both cardiac and non-cardiac sur-
geries, usually on the second or third postoperative day
[9], with an incidence rate of 10-65% and 1-9%, respect-
ively [9-11]. The massive differences in the reported inci-
dence rate could be attributed to the possible overlooking
of short-duration AF and the variable impact of each sur-
gical procedure on the incidence. Although perioperative
AF (POAF) seems to be a temporary cardiac event that
does not affect the subsequent clinical course, POAF is re-
ported to be associated with long-term mortality and
stroke, even in the setting of non-cardiac surgery and gen-
eral clinical situations [10]. Furthermore, some recent
studies demonstrated that malignancy was related to a
higher prevalence of AF [12—14]. Notably, Conen et al.
demonstrated that the multi-variate adjusted hazard ratio
of AF after diagnosis of breast cancer was as high as 4.67
(95% CI, 2.85-7.64) in the first 3 months, regardless of
treatment assignments [14].

Despite recognizing AF as an independent risk factor
for mortality, the evidence to determine AF as a causal
factor is insufficient [15]. Hence, determining whether
AF is the direct and decisive cause of death in the gen-
eral population without any cardiac disease remains
doubtful. In cardiac surgery, the frequent occurrence of
POAF with impaired cardiac function might induce car-
diac events, such as heart failure and cardiac death.
However, in non-cardiac surgery, wherein patients do
not usually present with such impairment whether AF
directly correlates with mortality or only a surrogate
marker remains undetermined.

The recent advancements in the treatment of malignan-
cies have enhanced the prognosis of such patients, in-
creasing the subsequent survivor population at the risk of
cardiovascular events [16]. Patients with AF recurrence
after the perioperative period are susceptible to subse-
quent embolic events; therefore, both long- and
short-term POAF management to prevent adverse clinical
events should be considered. Although a previous study
[10] suggested that anticoagulation therapy could be bene-
ficial for patients with POAEF, it did not identify patients
who were at high risk for subsequent stroke and who
should start anticoagulation therapy after discharge. If
most factors causing stroke are related to atherosclerosis,
antiplatelet therapy along with appropriate risk manage-
ment regimen should be provided. Particularly, patients
with malignancy sometimes face complicated treatment
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choices because of elevated thrombotic and bleeding risks
[17]. In such cases, a survey detailing the short- and
long-term clinical course of those with POAF might be
helpful for subsequent daily clinical management.

Hypothesis

The present study has been conducted to investigate our
primary hypothesis that the patients with new-onset
POAF will develop AF recurrence in the future.

Methods/design

Study design and population

The PRospEctive cohort stuDy of survelllanCe for
perioperaTive Atrial Fibrillation RECURRENCE (PREDICT
AF RECURRENCE) in major non-cardiac surgery for
malignancy is an ongoing prospective, single-center, ob-
servational study that is designed to illustrate the clin-
ical impact of POAF on mortality and morbidity as
cardiologists collaborate with a surgical team during
the perioperative period and investigate the frequency
of AF recurrence after discharge in patients with malig-
nancy. In this study, we examined consecutive patients
who underwent non-cardiac surgery under general
anesthesia due to definitive or suspected malignancy.
We followed patients who developed new-onset AF by
using a cardiac event recorder. Figure 1 shows the flow-
chart of the study. The present study enrolled from July
2014 and the registered patients will be followed up
until December 2022.

Inclusion criteria

In this study, we enrolled patients (age: 220 and <90
years) who planned to undergo surgery in Kyorin
University Hospital (Tokyo, Japan) from July 2014. The
malignancies registered were as follows: head and neck
(e.g., pharyngeal, laryngeal, tongue, mandible, buccal
mucosal, gingival, and glottic), chest (e.g., esophageal,
lung, and lung metastases), or abdomen (gallbladder,
extra- and intrahepatic bile duct, pancreatic, duodenal,
Vater papillary, hepatic cell, and liver metastases) can-
cers. Some previous studies have demonstrated that the
prevalence of POAF was frequently associated with the
surgery site and, thus, could be infrequent in
less-invasive surgical treatments [10, 18]. Hence, we did
not include patients with gastric and colon cancers in
this study because a majority of them were treated with
less-invasive laparoscopic surgery in our institute.

Exclusion criteria

In this study, we excluded patients with persistent or
chronic AF and atrial flutter. Although those with
known paroxysmal AF before surgery were included for
in-hospital analysis, they were excluded in the analysis of
long-term AF recurrence.
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Patients with malignancy who are planed for surgery

1) Persistent/chronic AF and AFL
2) Disagreement against participation in the present study

Exclusion

I Patients are monitored during peri-operative period |

POAF

New-onset AF

History of paroxysmal AF

y

No P@

A

Followed by SPIDER FLASH-t AFib®
and an outpatient clinic or a
telephone interview

AFL Atrial flutter, POAF Perioperative atrial fibrillation

Followed by an outpatient clinic or a
telephone interview

Fig. 1 The flowchart of PREDICT AF RECURRENCE. Patients with new-onset AF are followed by using SPIDER FLASH-t AFib®. AF Atrial fibrillation,

Baseline assessment

The baseline survey was conducted 1-3 days preopera-
tively by using a study-specific questionnaire for collect-
ing information, including age, sex, current medications,
alcohol consumption, smoking status, past histories of
thoracotomy and cardiogenic stroke, and complications,
such as heart failure, coronary artery disease, peripheral
artery diseases, and chronic obstructive pulmonary dis-
ease. Table 1 shows the definition of each complication.
We performed blood examination within 3 months pre-
operatively, which included blood cell counts, C-reactive
protein (CRP), D-dimer, liver enzyme, electrolytes,
serum creatinine, thyroid hormone, and B-type natri-
uretic peptide (BNP). In addition, we performed a re-
spiratory function test (including forced expiratory
volume and forced vital capacity) and 12-lead electrocar-
diography (ECG) at the same time with blood examin-
ation. As a routine clinical practice in the institute,
Doppler ultrasonography was performed on patients
with D-dimer level of >0.5 pg/mL to assess superficial
and deep venous thromboses of the lower extremities.

Data collection during general anesthesia

During the surgery, anesthesiologists provided general
care to patients. In addition, heart rate, rhythm, and
ST-T changes were continuously monitored by an ECG
and appropriately recorded. The final diagnosis of each
arrhythmia was confirmed by cardiologists.

Operation record
We recorded the stage of malignancy, type of surgery,
extent of tumor resection and lymph node dissection,

Table 1 Definition of complications

Heart Failure Fuffills any of the following:

1) Any symptoms such as orthopnea,
paroxysmal nocturnal dyspnea, or dyspnea
on effort and BNP=100 pg/mL

2) A history of admission because of
congestive heart failure.

Hypertension Systolic blood pressure 2140 mmHg and/or

diastolic blood pressure 290 mmHg

Diabetes Mellitus Fulfills 1) and 2)

1) Fasting plasma glucose 2126 mg/dL or
casual plasma glucose 2200 mg/dL

2) HbAlc 26.5%

Coronary Artery Disease  Patients with any of the following: LAD, LCx,
or RCA with stenosis 275%, or LMT with
stenosis 250% if a patient has undergone
coronary angiography or computed

tomography.

Peripheral Artery Disease  The term includes carotid artery stenosis/
occlusion, intracranial middle- and large-
artery stenosis/occlusion, renal stenosis,
arteriosclerosis obliterans, and aortic
aneurysm, all of which are diagnosed by any

imaging modality.
fulfills 1) and 2)
1) FEV,/FVC ratio <0.7

Chronic Obstructive
Pulmonary Disease

2) Predicted to be irreversible after the
administration of an inhaled
bronchodilator

BNP, B-type natriuretic peptide; LAD, left anterior descending artery; LCx, left
circumflex artery; RCA, right coronary artery; LMT, left main trunk; FEV;, forced
expiratory volume in 1 second; FVC, forced vital capacity
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and pathological findings in the patients. The stage and
extent of lymph node dissection in each surgery were
determined based on the Union of International Cancer
Control (UICC) TNM classification seventh edition.

Postoperative data collection

In this study, all patients were observed with an ECG
monitor device for a minimum of 24 h up to 30 days
postoperatively; the monitoring duration was based on
each surgeon’s discretion. In addition, duration of moni-
toring and surgical intensive care unit stay were re-
corded. Patients with any type of arrhythmia requiring
an intervention were treated by cardiologists in accord-
ance with the current guideline. Furthermore, anticoagu-
lation therapy was provided for those who developed AF
if CHA2DS2 VASc score [19] was =1 and >2 in men and
women, respectively, after surgeons assessed the bleed-
ing risk and permitted the prescription. Subsequently,
the presence of symptoms, onset time/day, and total
duration of AF during hospitalization were recorded,
and blood examination, such as white blood cell,
hemoglobin, serum creatinine, CRP, and electrolytes,
was planned on the following and the fourth postopera-
tive day. We examined the presence of postoperative
complications, including myocardial infarction; congest-
ive heart failure; bleeding; thrombosis, such as stroke,
transient ischemic attack, ischemic bowel disease, and
pulmonary embolism; any infections; acute kidney
injury; and desaturation necessary for home oxygen ther-
apy. Finally, echocardiography was immediately per-
formed for patients with new-onset AF.

Follow-up after discharge

In this ongoing study, the follow-up data would be
collected from a face-to-face interview in an out-
patient clinic, a telephone interview, or a medical rec-
ord. The follow-up flow chart is shown in Table 2.
Regardless of the presence of POAF, the patients in
this study would be followed up for all-cause, cardiac,
non-cardiac, and malignancy-related mortality; AF oc-
currence or recurrence; and stroke. The diagnosis and
etiology of stroke in this study were determined by
two or more neurologists and radiologists independ-
ent from the investigators. The patients who devel-
oped new-onset AF were continuously followed up
using SPIDER FLASH-t AFib (LivaNova, London,
UK) for approximately 2 weeks after 1 and 12 months
postoperatively. The device can record heart rhythm
non-invasively for the longest duration in Japan. The
dynamic memory in the device allows for rhythm epi-
sodes to be accurately identified regardless of their
duration. Any arrhythmia, including AF, is recorded
automatically (Additional file 1: Table S1). In addition,
follow-up was performed after 6 months if required.
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Table 2 Follow-up in chronological order

1 3 6 12 24 36 48 60 (month)
New-onset POAF
clinic visit v Vv Vv V V V V
blood examination ¢ v /
event recorder v i
12-lead ECG v v Vv  V V Vv
No POAF
clinic visit v v v v v v/
blood examination ¢ v  /
Known PAF prior to surgery
clinic visit v v v v v v/
blood examination ¢ v J/
2. if required

ECG: electrocardiogram; PAF: paroxysmal atrial fibrillation; POAF: perioperative
atrial fibrillation

Follow-up was recorded throughout the day except
during the time when patients were taking a bath. Pa-
tients who were unable to handle SPIDER FLASH-t
AFib were examined using 24-h Holter ECG for 2 to
4 times. If AF recurrence was documented 1 month
postoperatively, the following event monitoring was
not planned. The patients who developed a rash
because of an electrode seal at the first record could stop
the following examination. If the patients were hospital-
ized at 1, 6, or 12 months postoperatively, they could be
evaluated using an ECG monitor device of the residing
ward instead of SPIDER FLASH-t AFib. The records ac-
quired by SPIDER FLASH-t AFib were assessed by an ex-
ternal expert organization, and the final decision was
confirmed by two cardiologists. With regard to the 24-h
Holter ECG and ECG monitor device in the ward, two
cardiologists analyzed and diagnosed the recorded ECG.
In the case of differential diagnosis, they attain consensus
after sufficient discussion to conclude the final diagnosis.
Information on anticoagulation, such as type, dose, dur-
ation, and adherence, are collected by cardiologists. Of
note, patients without AF recurrence for a year can dis-
continue anticoagulation treatment.

Outcome definition
Detailed outcomes defined in Additional file 2.

Short-term outcome

In this study, short-term outcomes comprise new-onset
POAF; any arrhythmia; embolic events, such as stroke;
and mortality until the thirtieth day after surgery. We
defined POAF as AF during and/or after surgery until
the thirtieth postoperative day. In addition, we also eval-
uated the type of arrhythmia, etiology of stroke, and
cause of death.
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Long-term outcome

We followed up all patients with and without POAF
in this study. Long-term outcomes included AF recur-
rence (evaluated only in those with new-onset POAF);
embolic events, such as stroke; recurrent or de novo
malignancy; and mortality on and after the thirty-first
postoperative day. New-onset AF occurring on and
after the thirty-first day was not considered as POAF,
but as “conventional” paroxysmal AF. We defined AF
recurrence as repetitive AF lasting 230 s on and after
the thirty-first day, which was documented by
SPIDER FLASH-t AFib, 24-h Holter ECG, or hospital
ECG monitor [20]. Notably, patient’s self-assessment
and symptoms did not contribute to the definitive
diagnosis. Furthermore, the cause of death included
cardiac, non-cardiac, and cancer-related mortalities.

Sub-analysis

We will conduct sub-analyses investigating the predictor
of POAF in each malignancy, and the incidence and the
characteristics of other arrhythmias.

Statistical analysis

No preceding study evaluated the incidence of AF recur-
rence in patients with POAF. Therefore, we assumed the
incidence in reference to the first 200 patietns in our
study, which indicated a 25% recurrence rate. We as-
sumed a 0.97% incidence of AF in patients without
POAF based on a previous study [6]. Based on 80%
power and a significance level of 0.05, 38 patients
with new-onset POAF were required. Assuming a
15% dropout rate and a 9% incidence rate of POAF,
497 (new-onset POAF, n=45; non-POAF, #n=452)
were required at least. In this study, the relationship
between exposure variables and in-hospital outcomes
was assessed using logistic regression analyses and
expressed as odds ratio, 95% confidential interval, and
P value. Variables with P <0.10 in the univariate logis-
tic regression analysis were included in the multivari-
ate logistic regression analysis. In addition, we assessed
the long-term outcomes using the survival analysis
methods. The cumulative incidence of long-term out-
comes was assessed using the Kaplan—Meier statistics.
Furthermore, the hazard ratios of long-term outcomes
were calculated using the Cox regression analysis.

Discussion
To the best of our knowledge, this study is the first re-
search to prospectively investigate the long-term recur-
rence and the clinical impact of POAF using an event
recorder in patients with malignancy.

Early documentation of POAF could be essential to
prevent potential embolic events. In addition, underdiag-
noses are often possible because AF lasts for a very short
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period, and an ECG monitor is the only means to pro-
vide a definitive diagnosis. To date, several risk scores
and equations for the prediction of AF in the general
population have been developed and validated. In this
study, we will validate the efficacy of such risk scores in
the setting of the perioperative period by assessing our
dataset.

Even if patients with malignancy survive by overcom-
ing the disease, they might die from any preventable car-
diovascular diseases. In particular, those with POAF
might develop cardiogenic stroke in the future. Because
details of the natural history of patients with POAF re-
main unclear, investigating the need to continue anticoa-
gulation therapy for such patients is necessary.

The apparent correlation between POAF and stroke
can be explained by other atherosclerotic factors, such
as age, hypertension, and diabetes mellitus [6, 7, 21].
Therefore, whether AF causes subsequent stroke re-
mains unclear. Physicians in this study follow up pa-
tients in real time and record the incidence of POAF
and any complications, which might be helpful for as-
suming the causal relationship between AF and morbid-
ities, chronologically. Furthermore, the instrumental
variable method, if appropriate, could reinforce the sup-
posed correlation.

Although POAF post-non-cardiac surgery is an in-
creasingly common problem and attracts clinicians’ at-
tention, both short- and long-term characteristics and
management have remained unclear because of limited
evidence [22].

This study has some limitations. First, the present co-
hort incudes limited subsets of non-cardiac surgery. The
results acquired from the present study may not be
adapted for the other subsets, such as non-malignancy.
Second, the incidence of AF in the patietns without
POAF may be underestimated because they do not wear
the event recorder. However, the most important ques-
tion is whether we should prescribe anticoagulation for
patients with POAF in future. We believe that the re-
sults of this cohort will provide several indications for
the management of patients with malignancy who devel-
oped POAF.

Additional files

Additional file 1: Table S1. The settings of automatic detection
function (DOCX 13 kb)

Additional file 2: "Definition of outcome” and “Details of SPIDER FLASH-t
AFib™. (DOCX 19 kb)
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