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a b s t r a c t
A 68-year-old woman with a past medical history of chronic obstructive pulmonary disease and squamous cell carcinoma of the lung with recent right upper and middle lobectomy was admitted for dyspnea
and volume overload. She was diagnosed with right-sided heart failure (RHF) through clinical, laboratory,
and echocardiographic means. In the setting of chronic respiratory failure, the recent right lung lobectomy was deemed to be the inciting factor of the RHF. The mechanism by which RHF occurs in this situation is multifactorial, and it is essential to undergo pre-operative risk stratiﬁcation and post-operative
monitoring to avoid emergent events.
<Learning objective: New-onset right heart failure can be a detrimental complication of lung resection
surgery in patients with chronic respiratory failure. With proper pre-operative risk stratiﬁcation and its
corresponding post-operative monitoring, we can anticipate such occurrences and avoid emergent admissions, enabling better outcomes in a high-risk patient population.>
© 2021 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.

Introduction
Right heart failure (RHF) can be caused by pulmonary disease,
mainly due to the increased pulmonary vascular resistance which
leads to increased right heart pressures [1]. Lung tissue resection
may fall into this category due to resultant decreased lung capacitance. Surgical lobectomies are often necessary due to lung cancer.
While these patients are usually risk stratiﬁed before surgery, it
is imperative to maintain a high index of suspicion for new-onset
RHF to prevent further deterioration. We present a case of a patient with known chronic obstructive pulmonary disease (COPD),
who presented with acute RHF only 5 months after undergoing
right upper and middle lobe resection. This case sheds light on the
association between RHF and lung resection, and the importance
of anticipation to prevent adverse events.
Case report
A 68-year-old woman with a past medical history of COPD and
stage 1A squamous cell carcinoma of the lung with recent right
upper and middle lobectomy presented for dyspnea and volume
overload. The patient had undergone the lung resection 5 months
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prior to presentation at our facility. Her dyspnea was present at
rest, exacerbated by exertion and lying ﬂat. Physical examination
revealed rhonchi, jugular venous distention to the level of the
mandible, abdominal distention, and bilateral lower limb edema.
She was admitted for a primary diagnosis of new-onset heart
failure. Transthoracic echocardiography revealed a dilated inferior
vena cava of 2.7 cm, end-systolic right atrial area of 2.3 cm2 , decreased tricuspid annular plane systolic excursion of 1.3 cm, tricuspid regurgitant velocity of 3.3 m/s, elevated peak systolic tricuspid
pressure gradient of 42.8 mmHg, increased right ventricle basal diameter of 4.3 cm, visually impaired right ventricular systolic function, pulmonary artery diameter of 3.2 cm, moderate pericardial
effusion, normal left atrial diameter of 3.1 cm, normal left ventricular wall thickness with interventricular septum of 0.7 cm, normal
left ventricular end-diastolic volume of 109.1 mL, and end diastolic
diameter of 4.6 cm, and ejection fraction of 60–65%, which was
highly suggestive of isolated RHF (Fig. 1). This was supported by
an elevated N-terminal prohormone-B-type natriuretic peptide of
50 0 0 pg/ml. The chest computed tomography demonstrated unchanged postoperative ﬁndings within the lung from prior right
upper lobectomy, mild right pleural effusion, and no further
acute lung pathology (Fig. 2). An arterial blood gas showed mild
respiratory alkalosis with pH:7.48, pCO2:43 mmHg, pO2:76 mmHg.
The initial treatment included intravenous diuresis (furosemide),
noninvasive mechanical ventilation, and bronchodilators. While the
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Fig. 1.

Cardiac echocardiography demonstrating increased right ventricular diameter, decreased right ventricular wall thickness, and increased right atrial area.

Fig. 2.

Chest computed tomography scan demonstrating effects of right upper and middle lobe resection.

patient had a history of COPD, she never had congestive heart failure symptoms in the past. A ventilation/perfusion scan did not reveal any pulmonary emboli. Her pre-operative pulmonary function
tests indicated moderate COPD with a forced expiratory volume at
one second (FEV1) of 54%, forced vital capacity (FVC) of 69%, and
FEV1/FVC of 59%. This was decreased to an FEV1 of 40%, FVC of

60%, and FEV1/FVC of 50% after the lung resection. A right heart
catheterization to diagnose pulmonary hypertension was not performed due to clinical improvement and patient’s preference to
abstain from further intervention. Throughout her stay, she became
euvolemic and did not require ventilation. She was discharged
in improved conditions on daily oral diuretics, short-acting bron43
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Fig. 3.
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Preoperative risk stratiﬁcation algorithm as suggested by the American College of Chest Physicians. (a) For pneumonectomy candidates, a Q scan is suggested to
calculate predicted postoperative values of FEV1 or DLCO (PPO values =preoperative values × (1 – fraction of total perfusion for the resected lung). For lobectomy
patients, segmental counting is used (PPO values =preoperative values × (1 – y/z), the number of functional or unobstructed lung segments to be removed is
y and the total number of functional segments is z. (b) PpoFEV1 or ppoDLCO cut off values of 60% predicted values were chosen based on expert opinion. (c)
For patients with a positive high-risk cardiac evaluation deemed to be stable to proceed to surgery, both pulmonary function tests and cardiopulmonary exercise
tests are recommended for a more precise deﬁnition of risk. (d) Low risk: The expected risk of mortality is below 1%. Moderate risk: Mortality rates may vary
according to the values of split lung functions, exercise tolerance, and extent of resection. High risk: The risk of mortality after standard major resections may
be higher than 10%. DLCO = diffusing capacity for carbon monoxide; FEV1 = forced expiratory volume in 1 second; ppoDLCO = predicted postoperative DLCO;
ppoDLCO% = percent predicted postoperative DLCO; ppoFEV1 = predicted postoperative FEV1; ppoFEV1% = percent predicted postoperative FEV1; SCT = stair
climb test; SWT = shuttle walk test; CPET = cardiopulmonary exercise test; VO2max = maximal oxygen consumption.

chodilators, and follow up appointments with cardiology and pulmonology.

In our case, the patient developed RHF post-lung resection
within a few months. The diagnosis was made through clinical,
laboratory, and echocardiographic ﬁndings. The right and middle
lung lobectomy in the setting of moderate COPD (FEV1 54%) can
be considered as the causal factor for the subacute presentation
of RHF. The lack of RHF before lung resection makes the COPD as
the sole factor unlikely. Likewise, while the possibility of left ventricular diastolic dysfunction might have been a contributing factor, the patient did not have any congestive heart failure symptoms before surgery or echocardiographic ﬁndings supporting this.
The echocardiography did support the presence of pulmonary hypertension and right ventricular dysfunction through elevated tricuspid regurgitant velocity, right atrial area, pulmonary artery and
inferior vena cava diameter, alongside a decreased tricuspid annular plane systolic excursion [2,3]. Lung resection decreases the
vascular bed available for right ventricular output, which decreases
pulmonary vascular capacitance and increases resistance, increas-

Discussion
Lung disease is a known cause of RHF, mainly due to the increased pulmonary vascular resistance induced through hypoxic
vasoconstriction, which shunts blood away from the diseased lung
[1,2]. The increased afterload on the right ventricle leads to more
ventricle wall stress, according to Laplace’s law [2]. The right ventricle cannot withstand pressure like the left ventricle, and therefore right ventricular dilation and subsequent pump failure ensues
[2]. After lung resection, it is presumed that the remaining lung
tissue should compensate with expansion and increased compliance. In the setting of pre-existing lung disease, however, this may
not be feasible.
44
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ing the afterload of the right ventricle [4,5]. As mentioned above,
the right heart cannot withstand such increased strain, and subsequent right ventricle dilation with decreased ejection fraction follows [6]. While the expansion of alveolar-capillary reserves from
the remaining lung tissue should offset this change, this may be
problematic in pre-existing lung disease due to an already present
ventilation-perfusion mismatch and intrapulmonary shunting [7].
Additionally, during high-stress situations, increased cardiac output
is needed to prevent hypoxia, which leads to an increase in right
ventricular end-diastolic volume [8]. In patients with lung resection, the diminished lung volumes may not accommodate such increases in blood ﬂow [9]. Combined with the elevated pulmonary
vascular resistance, the result would be more stress on the right
ventricle, leading to elevated right end-systolic volume and resultant right ventricular enlargement and failure [9]. Correlating these
ﬁndings in another low O2 environment such as COPD, which is
now worsened by lung resection, the right ventricle is now faced
with elevated resistance and increased blood volume, which can
ultimately lead to its accelerated dilation and failure. Management
is multifaceted, aimed at treating the cause of hypoxia with supplementary oxygenation, pulmonary rehabilitation, smoking cessation, and bronchodilators in co-existent cases such as COPD, in addition to alleviating volume overload symptoms with diuretic therapy. Lung transplantation should be considered, but it may not be
feasible due to various reasons.
Pre-operative pulmonary risk assessments are crucial in lung
resection surgery, as patients with concurrent impaired pulmonary
function have risks for complications. Initial pulmonary assessment
involves pulmonary function testing, including spirometry and diffusion capacity, and chest computed tomography to evaluate lung
anatomy and post-operative lung function prediction. The American College of Chest Physicians (ACCP) offers risk stratiﬁcation
guidelines based on general pulmonary assessment. Per ACCP, patients with a pre-operative FEV1 and diffusing capacity for carbon
monoxide (DLCO) that is both >80% predicted do not need to undergo further testing as there is a low risk of residual dysfunction
post-lobectomy [10]. The post-operative FEV1 and DLCO can be calculated for patients with decreased pre-operative FEV1 and DLCO,
which further stratiﬁes the patient into low risk or increased risk
categories requiring further evaluation with a low technology exercise (stair climb or shuttle walk test) or a cardiopulmonary exercise test (Fig. 3). Our patient had a pre-operative FEV1 of 54% and
a calculated post-operative FEV1 of 39.7%, which would have required her to undergo a shuttle walk test. Unfortunately, the risk
stratiﬁcation was not done, and the patient’s likelihood for complications could not have been assessed. In high-risk populations,
a considerable risk of severe cardiopulmonary morbidity and residual functional loss is expected, and therefore these patients should
be counseled about alternative surgical or nonsurgical options [10].
It is in moderate-risk patients proceeding with surgery that further
post-operative monitoring may be required. These patients may
have an increased risk of RHF, and a high index of suspicion in
follow-up visits is required. Early detection, possibly with cardiac
echocardiography, may decrease the incidence of acute decompensation in the future.

tial to stratify patients through a pre-operative assessment to determine the effect of resection on the post-operative level of function and risk for cardiopulmonary complications. Failure to anticipate new-onset RHF will increase emergency admissions and adverse events.
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Conclusion
RHF can be incited by lung resection surgery, especially if the
patient has underlying pulmonary comorbidities. Thus, it is essen-
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