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Pulmonary resection is the standard treatment in patients
with stage I-II non-small cell lung cancer. However, despite
recent advancements in perioperative management and
minimally invasive surgical techniques, the incidence of
postoperative cardiopulmonary complication remains
as high as 7% to 43% (1,2). To improve the safety of
pulmonary resection for lung cancer, it is essential to detect
patients at high-risk of postoperative cardiopulmonary
complications. Although pulmonary function tests,
including a test of the diffusing capacity of the lungs
for carbon monoxide and cardiopulmonary exercise test
for patients with poor pulmonary function, are the gold
standard of preoperative risk assessment (3,4), more
convenient methods to detect patients at high-risk are
needed.

Regarding this clinical issue, Fu et 4/. investigated the
correlation between high preoperative resting heart rate
and cardiopulmonary complications after resection for
lung cancer (5). The authors examined 180 patients who
underwent pulmonary resection for non-small cell lung
cancer at their institution prospectively. Of the 180 patients,
42 (23%) patients developed postoperative cardiopulmonary
complications. Cardiopulmonary complication was defined
as the presence of the following complications: pleural
effusion requiring drainage, arrhythmia, pneumonia,
atelectasis, respiratory failure, acute respiratory distress
syndrome, mechanical ventilation within 48 hours after
surgery, pneumothorax, pyothorax, pulmonary embolism,
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and myocardial infarction in the study. The most frequent
cardiopulmonary complication in the study was pleural
effusion requiring drainage (8.3%), followed by arrhythmias
(6.1%). The authors demonstrated that age, preoperative
beta-blocker therapy, resting heart rate, comorbidities
of hypertension, coronary artery disease, revised cardiac
risk index, clinical stage > III, elevated cardiac troponin
T, and elevated tumor necrosis factor alpha were risk
factors for postoperative cardiopulmonary complications
using univariate analysis. However, increased preoperative
resting heart rate was the only independent predictor
of postoperative cardiopulmonary complications using
multiple logistic regression analysis [odds ratio (OR):
4.48; 95% confidence interval (CI): 1.17-18.42; P=0.021].
Moreover, receiver operating characteristics curve analysis
showed that elevated resting heart rate was a predictor of
postoperative cardiopulmonary complications, with a cut-
off value of 86 beats per minute (area under the curve: 0.813;
specificity: 80.95%; sensitivity: 72.46%; P<0.001).

As Fu et al. indicated in the discussion section, a high
resting heart rate has been reported to correlate with
cardiac events, such as incidental heart failure, in the elderly
or in healthy adults (6-8). Previous studies reported that
high resting heart rate correlated with all-cause mortality
and cardiovascular mortality in a general population (9).
Moreover, high resting heart rate (>87 beats per minute)
was reported to be correlated with postoperative myocardial
dysfunction and mortality following a non-cardiac surgery (10).
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Figure 1 Schema of the mechanisms by which pulmonary resection
affects cardiac function. Pulmonary resection leads to reduction
of the pulmonary arterial bed, which raises the pressure of the
pulmonary artery and may result in right-sided cardiac overload and
right ventricular dysfunction. Moreover, right-sided cardiac overload
and right ventricular dysfunction might lead to imbalances in oxygen
supply and demand, resulting in the worsening of right ventricular

dysfunction.

The underlying mechanisms linking high resting heart rate
to cardiac events in a general population or to postoperative
cardiopulmonary complications remain unclear. However,
one of the possible explanations is that a high resting heart
rate is the result of potential impaired systolic function.
Another hypothesis is that high resting heart rate is the
cause of elevated myocardial oxygen consumption and
decreased myocardial blood flow with shortened diastolic
time interval, resulting in myocardial ischemia and damage.
Wong er al. reported that heart rate as well as systolic
pulmonary arterial pressure are the main determining
factors of oxygen consumption in the myocardium of
the right ventricle of patients with pulmonary arterial
hypertension (11). Although Fu er 4l. focused on the
relationship between resting heart rate and cardiac disease
as the underlying mechanisms, high resting heart rate had
been reported to correlate with pulmonary disease. Previous
reports showed that high resting heart rate correlates with
all-cause mortality in patients with chronic obstructive
pulmonary disease (12,13). Therefore, the high rates of
cardiopulmonary complications in patients with high
resting heart rate might be partly explained by the potential
impaired pulmonary function.

Of all non-cardiac surgeries, pulmonary resection is the
surgical procedure that most greatly affects cardiac function.
This may be why Fu e 4/. chose to examine the correlation
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between resting heart rate and cardiopulmonary complication
after pulmonary resection. One of the mechanisms by which
pulmonary resection affects cardiac function is changes
of cardiopulmonary hemodynamics. Pulmonary resection
results in reduction of the pulmonary arterial bed, which
raises the pressure of the pulmonary artery and may lead
to right ventricular impairment, particularly in patients
with potential impaired cardiac function or pulmonary
hypertension (Figure 1). Supporting this hypothesis,
decreased preoperative right ventricular ejection fraction
has been reported as the determinant of cardiopulmonary
complication after pulmonary resection (14). Several
studies showed that preoperative pulmonary hypertension
is the predictor of cardiopulmonary complication after
pulmonary resection (15-17). Moreover, we previously
reported that an enlarged right main pulmonary artery on
computed tomography, which is a well-established surrogate
measure of pulmonary hypertension (18), correlated with
cardiopulmonary complication after pulmonary resection (1).

One of the most common cardiopulmonary
complications after pulmonary resection is atrial fibrillation
with a reported incidence of 28% (19). The causes of
postoperative atrial fibrillation after pulmonary resection
are right-sided cardiac overload, imbalance of the
autonomic nerve system, and surgical inflammation. Various
agents, including amiodarone, had been reported to prevent
postoperative atrial fibrillation. Nojiri et /. reported that
an elevated B-type natriuretic peptide level is a risk factor
for atrial fibrillation and cardiopulmonary complications
after pulmonary resection for lung cancer (2,19). Recently,
they also reported that continuous infusion of the low-
dose phosphodiesterase III inhibitor-Olprinone, which has
pulmonary vasodilatory and inotropic effects, showed a
prophylactic effect on postoperative atrial fibrillation after
lung cancer surgery in patients with elevated preoperative
B-type natriuretic peptide level, using a double-blinded
placebo-controlled study (20). These studies indicate
the importance of detecting surgical candidates at high-
risk for cardiopulmonary complications and supporting
postoperative cardiac function in such patients.

I have one concern regarding the definition of
cardiopulmonary complication in the literature by Fu ez al.
They included pleural effusion requiring drainage as a
cardiopulmonary complication, and it was the most frequent
cardiopulmonary complication in the study. However,
pleural effusion is sometimes associated with technical
complications such as postoperative hemorrhage or
chylothorax. Therefore, it might have been better to exclude
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pleural effusion from cardiopulmonary complications,
because they attempted to examine the correlation between
cardiac status and cardiopulmonary complications.

In conclusion, Fu et al. provided valuable insight on
the clinical importance of high resting heart rate as the
predictor of cardiopulmonary complication after pulmonary
resection. Measuring high resting heart rate is an easy to
perform, low-cost screening method for patients at high-
risk for cardiopulmonary complications. General thoracic
surgeons should keep in mind that pulmonary resection is
the non-cardiac surgery that mostly affects cardiac function.
Cardiopulmonary exercise test or echocardiography can
assess cardiac function precisely. However, they are not
easy to perform on all surgical candidates. More convenient
screening methods to assess impaired cardiopulmonary
function, like high resting heart rate, are needed to increase
the safety of pulmonary resection.
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