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Abstract: Esophagectomy with en-bloc lymphadenectomy after neoadjuvant chemo(radio)therapy is
the standard of care for resectable locally advanced esophageal cancer. Postoperative complications
may have a significant impact on the duration of hospital stay and quality of life. Early recognition and
treatment of complications may reduce failure to rescue rates and improve postoperative outcomes. Newonset atrial fibrillation (AF) after esophagectomy for cancer is frequently observed, and may be related
to other postoperative complications. AF could function as an early warning sign for other complications
in the postoperative course after esophagectomy and may thus be of clinical value. This review discusses
the pathophysiology and possible risk factors of AF, the association between AF and other postoperative
complications, and the influence of AF on postoperative outcomes after esophagectomy for cancer.
Furthermore, clinical recommendations for the management of new-onset AF after esophagectomy for
cancer are provided.
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Introduction
Esophageal cancer is an aggressive disease and is currently
the sixth leading cause of cancer-related mortality worldwide
(1,2). Curative therapy for locally advanced esophageal cancer
comprises of neoadjuvant chemo(radio)therapy followed
by esophagectomy with adequate lymphadenectomy (3,4).
Despite significant improvements in surgical techniques and
patient selection over the years, the risk of postoperative
complications remains substantial (40–60%), with pulmonary
complications, anastomotic leakage and atrial fibrillation (AF)
being the most common (5-7).
New-onset AF after esophagectomy occurs in 12–37% of
patients (7-17). AF is characterized by rapid and non-functional
contractions of the atria and is a clinical concern as it may
directly increase the risk of thromboembolic events, as well as
indirectly increase the onset of other complications through
hemodynamic instability and organ hypoperfusion (8-11).
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Furthermore, AF may be related to other postoperative
(infectious) complications and has been significantly associated
with prolonged hospital stay, increased reoperation rates and
increased risk of postoperative mortality (8-11,17).
This review discusses the pathophysiology and possible
risk factors of AF, the association between AF and other
postoperative complications, and the influence of AF on
postoperative outcomes after esophagectomy for cancer.
Additionally, clinical recommendations for the management
of new-onset postoperative AF after esophagectomy will be
provided.
Pathophysiology
The pathophysiology of AF is a complicated, multifactorial
process, and may occur in diverse clinical settings (17).
New-onset AF after esophagectomy may be caused by
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perioperative factors, however, the exact pathophysiology
remains unclear. Intra-operatively, the pleural surfaces and
pericardium are exposed (especially during transthoracic
esophagectomy), which might cause direct trauma to the
atrium or autonomic nerve fibers and thus may result
in AF (18). Also, the heart has a high rate of adenosine
triphosphate (ATP) consumption, being seriously dependent
on mitochondrial oxidative phosphorylation (19). Intraoperative (single lung) ventilation causes oxidative stress,
which subsequently leads to a mismatch between atrial
ATP production and use. This may cause mitochondrial
dysfunction, potentially leading to AF (19). Furthermore,
infections may create an oxidative stress reaction, potentially
leading to AF.
Postoperative factors, such as hypo- and hypervolemia,
may also play a role in the pathophysiology of new-onset
AF. In a state of hypovolemia, which may be caused by fluid
loss, anesthesia-induced cardiovascular depression or sepsis,
a decreased venous return to the right atrium reduces the
cardiac output. Release of endogenous catecholamines is
stimulated by decreased tissue oxygen delivery (20). This
sympathetic hyperactivity has a proarrhythmic effect on
the heart and may cause AF. In contrast, hypervolemia may
cause AF through an increase in atrium diastolic volume and
reduced compliance, which leads to an altering of electrical
properties of atrial cells (20).
Lastly, the presence of preoperatively undetected heart
diseases potentially contributes to the development of postoperative AF.
Risk factors
A multitude of risk factors for AF have been described in the
literature, varying from patient-specific risk factors such as
male gender, comorbidities such as congestive heart failure,
peripheral vascular disease and diabetes mellitus, as well as
surgery related factors such as an open surgical approach,
the need for an intraoperative blood transfusion and an
extended surgical field in case of a large tumor (21-23).
Some studies also demonstrate the administration of neoadjuvant chemo(radio)therapy to be significantly associated
with new-onset AF (12). In a study by Vaporciyan et al. (12)
the risk of AF was 34% in elderly patients receiving
chemo(radio)therapy followed by surgery versus 18% in
the group that underwent esophagectomy alone (P<0.01).
This might be attributed to the cardiotoxic effects of
both the radio- and chemotherapy, which are frequently
administered during neoadjuvant treatment for locally
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advanced resectable esophageal cancer.
It is important to realize the clinical relevance of the
identification of these risk factors. First, some studies
suggest that it may guide the prophylactic use of antiarrhythmic agents in high-risk patients (23-25). The effect of
prophylactic treatment with either rhythm- or rate control
of new-onset AF after esophagectomy has been studied in
several randomized controlled clinical trials, with significant
favorable results for the patients in the intervention group
compared to the placebo group in terms of AF incidence
rates after esophagectomy (23-25). In order to be able to
study whether lower incidence rates of AF result in better
overall outcomes, data regarding other postoperative
outcomes is warranted. Of the mentioned randomized
controlled clinical trials, only one study reported data
regarding other postoperative complications. In that
particular study, 100 patients were randomized between
arrhythmic prophylaxis with landiolol or a placebo (24).
New-onset AF occurred in 10% of the patients receiving
landiolol versus 30% of the patients receiving the placebo
(P<0.05). Postoperative pneumonia (6% in the patients
receiving landiolol versus 14% in the placebo group,
P=0.318) and anastomotic leakage rates (4% in the patients
receiving landiolol versus 14% in the placebo group,
P=0.160) did not differ between the two groups. Even
though this could be due to a lack of power in this relatively
small study, AF to date may rather be considered an early
warning sign for other (infectious) complications than
the cause of these complications. Therefore, prophylactic
treatment for AF might only mask an early clinical sign
of other postoperative complications and possibly delays
treatment. Second, it remains questionable whether AF
needs to be prevented, since it is relatively easy to treat
and generally resolves fast after treatment initiation.
Nevertheless, the identification of risk factors may have an
impact on patient selection, since it offers the opportunity
to (medically) manage these risk factors and optimally
prepare the patient for surgery.
Association with other postoperative complications
Recently, the role of pathophysiologic pathways that
involve inflammatory and oxidative processes are under
investigation. As inflammation might lead to AF, and AF
might promote inflammation as well, a vicious cycle might
be created.
Multiple studies report significant associations between
new-onset AF and other postoperative complications
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Other (8%)

Figure 1 Flowchart: new-onset atrial fibrillation after esophagectomy [based on Seesing et al. (17)].

(8-13,17). A recently published prospective cohort study
reported a significant association between new-onset AF and
other postoperative infectious complications in general [odds
ratio (OR): 3.00; 95% confidence interval (CI): 1.73–5.21], as
well as pulmonary complications, pneumonia and anastomotic
leakage specifically [OR (95% CI): 2.06 (1.29–3.30),
2.41 (1.48–3.91) and 3.00 (1.80–4.99), respectively] (17).
As such, AF might function as an early warning sign for the
occurrence of other postoperative complications but this
only applies when AF actually precedes these postoperative
complications, which was demonstrated in the same study.
New-onset AF was diagnosed at a median of 4 days before
the diagnosis of anastomotic leakage, whereas pneumonia
and AF were mostly diagnosed on the same day. Likewise,
Stawicki et al. (11) demonstrated that new-onset AF was
significantly associated with anastomotic leakage and also
reported a time interval of 4 days between the diagnosis
of new-onset AF and the occurrence of anastomotic
leakage. In the largest cohort study published to date it
was found that in less than 10% of the patients, new-onset
AF after esophagectomy was not accompanied by other
complications (17). This suggests that AF is a surrogate
marker for other postoperative complications and could
therefore be of clinical importance (Figure 1). As such,
clinicians should carefully evaluate patients who are
diagnosed with new-onset AF shortly after esophagectomy
to diagnose or exclude other postoperative complications.
This evaluation should include at least a thorough physical
examination including assessment of vital functions and
body temperature, blood tests to screen for signs of
infection (such as increased leukocyte counts or C-reactive
protein levels) and a subsequent CT scan of the thorax and
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abdomen when appropriate.
Conclusions and clinical consequences
New-onset AF after esophagectomy for cancer is a
common postoperative complication and may be associated
with other, severe, postoperative complications such as
pneumonia, respiratory failure and anastomotic leakage.
Since AF seldomly occurs without other postoperative
complications, physicians have to be aware that other
complications may occur. Furthermore, the prophylactic
use of use of anti-arrhythmic agents is not indicated since it
may mask an early warning signal for other complications.
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