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Take home message: Severe, treatable cardiac disease is present during hospitalised COPD 

exacerbations – and is often clinically unsuspected. This cardiac disease can be detected with 

dynamic CT. Appropriate treatment could change outcomes. 
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Abstract 

Introduction 

Acute Exacerbations of Chronic Obstructive Pulmonary Disease (AECOPD) are 

accompanied by escalations in cardiac risk superimposed upon elevated baseline risk. 

Appropriate treatment for coronary artery disease (CAD) and heart failure with reduced 

ejection fraction (HFrEF) could improve outcomes. However, securing these diagnoses 

during AECOPD is difficult, so their true prevalence remains unknown, as does the 

magnitude of this treatment opportunity. We aimed to determine the prevalence of severe 

CAD and severe HFrEF during hospitalised AECOPD using dynamic computed tomography 

(CT). 

Methods 

Cross-sectional study of 148 patients with hospitalised AECOPD. Dynamic CT was used to 

identify severe CAD (Agatston score ≥ 400) and HFrEF (left ventricular ejection fraction ≤ 

40% and/or right ventricular ejection fraction ≤ 35%).  

Results 

Severe CAD was detected in 51/148 patients (35%), left ventricular systolic dysfunction was 

identified in 12 cases (8%) and right ventricular systolic dysfunction was present in 18 

(12%). Clinical history and examination did not identify severe CAD in approximately one-

third of cases and missed HFrEF in two-thirds of cases. Elevated troponin and BNP did not 

differentiate subjects with severe CAD from non-severe CAD, nor distinguish HFrEF from 

normal ejection fraction. Under-treatment was common. Of those with severe CAD, only 

39% were prescribed an antiplatelet agent, and 53% received a statin. Of individuals with 

HFrEF, 50% or less received angiotensin blockers, beta-blocker, or antimineralocorticoids. 



Conclusion 

Dynamic CT detects clinically covert CAD and HFrEF during AECOPD, identifying 

opportunities to improve outcomes via well-established cardiac treatments. 
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Introduction 

Acute Exacerbations of Chronic Obstructive Pulmonary Disease (AECOPD) are complex, 

heterogenous events accompanied by a surge in cardiovascular risk and death[1–3]. Cardiac 

involvement, manifest as biomarkers of myocardial dysfunction, can be detected in up to 

60% of acute exacerbations[2]. When present, this heralds reduced survival[2, 3]. Despite the 

frequency and importance of this signal, relationships between COPD and cardiovascular 

disease are imperfectly understood, particularly during AECOPD[4].  

Two common, but eminently treatable cardiac diagnoses are associated with adverse 

outcomes at AECOPD: coronary artery disease (CAD)[5–8] and heart failure with reduced 

ejection fraction (HFrEF)[9, 10]. Both cardiac disorders have well established therapeutic 

pathways with clear reductions in mortality and morbidity[11–13]. They therefore represent 

obvious opportunities for intervention. However, their prevalence at AECOPD remains 

undefined, predominantly due to the limitations of routinely available diagnostic techniques.  

The accurate bedside differentiation of pulmonary and cardiac diagnoses during AECOPD 

can be difficult. Clinical features such as dyspnoea and chest discomfort overlap and although 

evidence of missed ischemic events can be found on electrocardiograms, in the acute setting, 

these remain mostly non-specific[2, 14]. Standard cardiac imaging modalities have 

substantive limitations during AECOPD that render them inaccurate or impractical[2, 14]. 

For example, transthoracic echocardiography suffers from limited acoustic windows, and 

cardiac magnetic resonance imaging is typically not feasible in acutely dyspnoeic 

individuals[2]. 



Computed tomography (CT) has the potential to reveal treatable cardiac disease during 

AECOPD.  For CAD, CT provides gold-standard quantitation of coronary artery calcium[15], 

an imaging marker pathognomonic of coronary atherosclerosis and atherosclerotic 

burden[15]. For left and right heart function, dynamic (i.e. video) CT yields extremely 

precise and accurate ejection fractions when judged against cardiac magnetic resonance 

imaging[16–20]. We combined these elements in a novel dynamic cardiopulmonary CT 

protocol[21] to enable rapid quantification of these key cardiac parameters in a single breath-

hold.  

In the current work, we hypothesised that during AECOPD, major cardiac pathology would 

be detectable by dynamic cardiopulmonary CT, and that a significant proportion would be 

otherwise clinically covert, representing a substantial treatment opportunity. We aimed to 

assess the prevalence and treatment of two key treatable entities: coronary artery disease as 

determined by coronary artery calcium burden[22] and HFrEF. 

Methods  

Patients and measurements 

A prospective observational cohort study was conducted at a tertiary metropolitan Australian 

hospital between 9 December 2013 and 2 November 2019 (Australian and New Zealand 

Clinical Trial Registry ACTRN12617001562369). In this report, we detail cross-sectional 

data from the index admission, reporting according to STROBE[23].  Institutional ethics 

approval was obtained. Some results were previously presented in abstract format[24].  

Eligible participants were diagnosed with AECOPD by treating physician(s) and was 

subsequently verified by pulmonologists using Global Initiative for Obstructive Lung 

Disease[25] clinical and spirometry criteria.  



Following informed consent, dynamic cardiopulmonary CT was performed as described 

previously[21]. Briefly, a coronary artery calcium score was obtained using the gold-standard 

technique of electrocardiogram-gating, with results in Agatston units. This was followed by 

an intravenous iodinated contrast-enhanced examination simultaneously yielding left and 

right ventricular ejection fractions and a computed tomography pulmonary angiogram (Figure 

1 and Online Supplement Video).   

Imaging was performed on a 256-slice multidetector Philips iPatent iCT (Cleveland, USA) 

with a target dose of 4 millisieverts, iterative model-based reconstruction, and post-

processing in Phillips Intellispace (V6, Cleveland, USA) by radiographers with >8 years of 

cardiac experience. CT was performed as early as possible in the hospital admission. All 

subjects had estimated glomerular filtration rate >30mL/min/1.73m
2
 and sinus rhythm, and 

heart rate reduction therapy was not administered.  Treating physicians were blinded to CT 

results during hospitalisation. 

Key exclusion criteria were contrast allergy and the inability to grant informed consent. Chest 

x-ray, electrocardiogram and treatments were performed at the treating clinicians’ discretion. 

Electrocardiogram analysis was performed for study purposes by a blinded clinician with 

abnormal ST segments and T wave inversion defined per the Fourth Universal Definition of 

Myocardial Infarction[26] (additional detail in Online Supplement). 

At the time of study recruitment, serum samples were collected for this study. These were 

analysed for troponin I and B-type natriuretic peptide or N-terminal-pro B-type natriuretic 

peptide (hereafter collectively BNP). Results were considered abnormal if elevated above the 

manufacturer’s upper reference limit (age and gender adjusted where recommended; 

additional detail in Online Supplement). Nasopharyngeal swabs were taken for viral 



polymerase chain reaction and spontaneously expectorated sputum were submitted for 

bacterial culture.  

  



Outcomes and statistical analyses 

The primary outcomes were the prevalence of severe calcific CAD (Agatston score ≥400 

[27]), and severe HFrEF defined by left ventricular ejection fraction (LVEF) ≤ 40% and/or 

right ventricular ejection fraction (RVEF) ≤35%. Secondary outcomes were the frequency of 

cardiac treatments at the time of hospital admission, and cardiac biomarkers. 

Study data were collected and managed using REDCap electronic data capture tools[28]. 

Analyses were performed in IBM SPSS 25 and R 3.3.3. Normally distributed data are 

expressed as mean ± standard deviation and non-parametric data as median [interquartile 

range]. Group-wise comparisons were made with t-tests, Mann-Whitney U or Fisher’s exact 

test as appropriate. Penalized likelihood logistic regression (logistif[6]) was used to explore 

predictors of 30 day readmission. 

No a priori power calculations were performed and no corrections were made for multiple 

analyses. Alpha was two-sided and set at 0.05. Missing data were dropped from analyses.  

Data sharing statement 

Institutional ethics approval was obtained for data sharing in aggregated and de-identified 

formats only.  

Results 

331 patients were screened. Exclusions were predominantly for non-sinus rhythm and severe 

renal dysfunction (Figure 1). The final sample consisted of 148 participants (Table 1, Online 

Supplement Tables 1 and 2). The median time from emergency room arrival to CT was 1.8 

[1.1, 2.9] days and the mean radiation dose was 4.0±1.5 millisievert. The mean heart rate at 

CT was 86.7 ± 14.1 beats per minute and the mean cardiac output indexed to body surface 



area was 3.8 ± 0.9 L/min/m
2
 (Table 2). The median coronary artery calcium score was 146.0 

[28.3 – 821.3] Agatston units. 

Patients were typical of hospitalised AECOPD cohorts[29, 30] with a mean age of 69.5 ± 9.5 

years and severe airflow obstruction (FEV1 42.8 ± 18.5% predicted); 56 (38%) were current 

smokers. Viruses, most commonly rhinovirus, were found in 44 (30%) and bacterial 

pathogens were detected in 30 (20%). The median eosinophil count was 0.07 [0, 0.15] 

x10
9
/L. The majority of patients (90/148, 61%) had been admitted to hospital for AECOPD in 

the previous 12 months.  

CAD detection 

In relation to the primary outcome, on CT, severe calcific CAD (Agatston score ≥400) was 

found in 51/148 patients (35%) (Table 2, Online Supplement Figure 2).  

Conventional clinical evaluations under-detected severe CAD (Figure 2). On clinical history 

and examination, a diagnosis of atherosclerotic cardiovascular disease had only been made in 

33/51 patients (61%) who had evidence of severe coronary calcification. Electrocardiograms 

exhibited ST or T wave abnormalities in 17/51 (33%) of patients with severe CAD on CT, 

and 16/89 (18%) with non-severe CAD (p=0.061).  

Troponin and BNP did not distinguish individuals with and without severe CAD on CT 

(Online Supplement Table E3). Troponin was elevated in 14/47 (30%) with severe CAD 

versus 24/91 (26%) with non-severe CAD (p=0.69).  Similarly, BNP was abnormal in 22/46 

(48%) with severe CAD versus 41/90 (46%) under that threshold (p=0.86).  

Six patients were diagnosed with an acute myocardial infarction by treating clinicians; all 

fulfilled the Fourth Universal Definition of Myocardial Infarction[26]. Two out of the six had 

CACS ≥ 400. Three patients underwent inpatient coronary angiography: one had a coronary 



stent placed, and another underwent emergent coronary artery bypass grafting. The remaining 

three patients received a clinical diagnosis of type 2 myocardial infarction and based on 

current standards of care were managed non-invasively. When severe CAD was present, 

patients were more likely to be readmitted to hospital in the following 30 days (19/97 vs 

19/51, p=0.029). 

CAD treatment 

Among patients with severe CAD, at admission, only 20/51 (39%) were taking an antiplatelet 

agent, and only 27/51 (53%) were prescribed a statin (Table 3).  

HFrEF diagnosis 

With regards to the primary outcome, using dynamic CT, LVEF≤40% was found in 12/148 

(8%) and RVEF≤35% was present in 18/148 (12%) (Online Supplement Tables 4-5). 

Biventricular failure was present in six individuals. 

Standard clinical assessments under-detected reduced LVEF (Figure 2). No prior diagnosis of 

heart failure had been made on clinical history or examination in 8/12 (67%) patients with 

low LVEF.  

Chest-x rays were not predictive of reduced LVEF. In patients with reduced LVEF, only 2/12 

(17%) chest x-ray radiologist reports noted signs of heart failure, in comparison to 11/123 

(9%) who had normal LVEF (p=0.29).  

Troponin was elevated in 9/11 (82%) of patients with low LVEF, but was also abnormal in 

29/127 (23%) of those with normal LVEF. The prevalence of abnormal BNP did not differ 

between low LVEF and normal LVEF categories (5/12 (42%) vs. 58/124 (47%) respectively, 

p=0.77). 



Findings were similar for RVEF ≤35%. No prior diagnosis of heart failure had been made on 

clinical history or examination in in 12/18 (67%) with low RVEF.  

Chest x-rays were similarly non-diagnostic for reduced RVEF. In those with low RVEF, 

features of heart failure were reported in 2/17 (12%) versus 11/129 (9%) of those with normal 

RVEF (p=0.65). 

Troponin elevation was more frequent when RVEF was reduced, but was not limited to 

patients with low RVEF (10/15 (67%) vs. 28/123 (23%), p=0.001). BNP elevation did not 

differentiate low RVEF and normal RVEF (5/17 (29%) vs. 58/119 (49%), p=0.19). 

Individuals with reduced LVEF had higher median coronary artery calcium scores (1532 vs 

119, p<0.001) and lower RVEF (34.0 ± 12.7% vs 49.9 ± 9.4%, p<0.001) compared with 

those with normal LVEF (Online Supplement Table 4). There was a tendency for higher 30-

day readmission when left ventricular ejection fraction was depressed (6/12 (50%) vs 32/97 

(33%), p=0.077). 

Patients with reduced RVEF had lower LVEF (47.2 ± 17.5 vs 63.5 ± 11.9, p<0.001) and 

higher median coronary artery calcium scores (940 vs 126, p=0.022) (Online Supplement 

Table 5) than those with normal RVEF. Again, 30-day readmission was numerically higher in 

those with low RVEF (7/18 (39%) vs 31/130 (24%), p=0.25). 

HFrEF treatment 

At admission, in patients with low LVEF, 6/12 (50%) were prescribed angiotensin blockade, 

however beta blocker prescription was low at 2/12 (17%), and no individuals were prescribed 

a mineralocorticoid receptor antagonist.  



Under-prescription was similarly found in patients with low RVEF. 5/18 (28%) received 

angiotensin blockade, 2/18 (11%) received beta blockers and 3/18 (17%) were prescribed a 

mineralocorticoid receptor antagonist. 

27/148 (18%) patients received new or intensified heart failure treatment during admission. 

Of these, 15/27 (56%) had normal biventricular function on dynamic CT. 

Patterns of dysfunction 

Cardiac dysfunction at AECOPD was common (Figure 3). Overall, 62/148 (42%) patients 

had one or more severe treatable cardiac abnormalities (i.e. severe CAD, and/or HFrEF).  

Most patients had detectable cardiac pathology: only 41/148 (28%) patients did not have one 

or more of severe coronary artery calcification, low LVEF, low RVEF, abnormal troponin or 

BNP. 

Overall, 44/135 (33%) patients had a normal electrocardiogram, troponin and BNP. This 

combination made it extremely unlikely that a given individual had low left or right 

ventricular systolic dysfunction (which were present in 0/44 and 1/44 patients respectively). 

However, this combination did not differentiate those with severe CAD from those with non-

severe CAD (13/44 (30%) vs 34/91 (37%), respectively, p=0.44).  

30-day readmission 

38/148 (26%) patients were readmitted in the 30 days following hospital discharge. 3 deaths 

occurred in this period, all of which were from respiratory causes. In univariate logistic 

regression, higher left ventricular ejection fraction and FEV1 were associated with reduced 

odds of 30-day readmission (odds ratio 0.965, 95%CI 0.939-0.989, p=0.006 and 0.969, 95% 

CI 0.944-0.992, p<0.001 respectively) (Online Supplement Table 6). Conversely, higher 

coronary artery calcium score percentiles were associated with increased odds of admission 



(odds ratio 1.013, 95%CI 1.001-1.025, p=0.028). Troponin and BNP were not associated with 

differences in 30-day readmission (p=0.293 and 0.642 respectively). In multivariate logistic 

regression, only FEV1 was a significant independent predictor of 30-day readmission (odds 

ratio 0.976, 95%CI 0.949-1.0, p=0.049) (Online Supplement Table 7). 

Discussion 

We report the first application of dynamic cardiopulmonary CT in a cohort of hospitalised 

patients with AECOPD. Severe, but treatable cardiac disease was detected in 42% of patients: 

severe CAD was found in about one-third of patients, and severely reduced LVEF and/or 

RVEF was found in approximately 10% of cases. Standard tertiary hospital care assessments, 

including cardiac biomarkers performed relatively poorly to diagnose severe CAD and 

HFrEF. Unsurprisingly, undertreatment with disease-modifying agents was common. Taken 

together these findings imply that targeted disease finding in hospitalised AECOPD may aid 

diagnosis, treatment and prevention of future cardiac morbidity and mortality. 

Hospitalised AECOPD are associated with substantial mortality and an enriched risk of 

subsequent major adverse cardiovascular events[2, 3]. Hospitalisation therefore represents a 

favourable opportunity to diagnose and intervene in cardiac disease by implementing well-

established treatment pathways with recognised treatment benefits[11–13]. The finding that 

42% of patients exhibited one or more of severe CAD or HFrEF, indicates that abundant 

treatment opportunities exist in this population of hospitalised AECOPD. Importantly, our 

findings are likely to be an underestimate of cardiovascular involvement in an unselected 

hospitalised AECOPD population since we excluded patients with severe renal disease and 

those who were not in sinus rhythm.  

Dynamic CT highlighted that standard clinical assessments often grossly underdiagnosed 

CAD and HFrEF. One-third of severe CAD and two-thirds of severe HFrEF was clinically 



unsuspected on standard history and examination and would have been overlooked in routine 

AECOPD management. Electrocardiograms were nonspecific for CAD, and chest x-rays 

were nonspecific for HFrEF as were troponin and BNP. Combining standard clinical 

assessments could be useful as the presence of a normal electrocardiogram, troponin and 

BNP rendered HFrEF unlikely. This combination was not entirely reassuring as important 

CAD was still detected in many of these individuals and our observations require replication 

in other cohorts.  

It is unsurprising that cardiac biomarkers were not associated with specific cardiac diagnoses 

since these biomarkers are sensitive but not specific for cardiovascular diagnoses. Numerous 

factors including exacerbation severity, effects of tachycardia, hypoxia, and chronic changes 

including pulmonary hypertension and diastolic dysfunction could result in biomarker 

elevation[2, 31]. Consequently, biomarkers cannot be relied upon to directly determine 

therapeutic strategies outside of defined circumstances such as dynamic troponin elevations 

which might suggest acute coronary syndrome. However, biomarkers remain important 

sentinel markers of adverse outcomes including mortality[2] . Taken together, standard 

clinical assessments under-diagnosed cardiac disease and when abnormal, generally lacked 

the diagnostic accuracy required to institute disease-specific treatments. 

The current studies show that 35% of patients had severe CAD, mirroring other cohorts 

including ECLIPSE, COPDGene and the Danish Lung Cancer Screening Trial[7, 8, 32]. In 

populations with COPD, CAD is associated with adverse outcomes including higher 

dyspnoea, lower exercise capacity and greater mortality [7, 8, 32]. Further, the incidence of 

acute myocardial infarction increases at AECOPD[3] beyond a baseline of elevated risk[33]. 

In aggregate, diagnosing CAD during AECOPD represents an opportunity for cardiac risk 

mitigation not only during that episode, but also towards improved longer-term outcomes. 

This notion is supported by data from COPD populations suggesting that antiplatelet and 



lipid-lowering treatments may reduce dyspnoea, mortality and COPD exacerbations[1, 4]. A 

case-finding approach for CAD, such as that using CT, could define individuals with CAD 

and its severity, allowing targeted cardiac risk reduction. 

HFrEF was less common in our cohort at about 10% prevalence, but this group may be of 

disproportionate clinical prominence since coexistent heart failure and COPD is associated 

with an increased frequency of hospitalisation[2, 4] and incipient heart failure may simulate 

AECOPD or even precipitate it[2, 4, 14]. Diagnosis and treatment of HFrEF appeared 

clinically difficult in our study. Two-thirds of those patients with HFrEF on dynamic CT 

related no clinical history or examination evidence of this diagnosis. Conversely, about half 

of patients with normal biventricular function received treatment for presumed heart failure. 

Identifying COPD patients with clear indications for HFrEF treatment such as angiotensin-

blockade and beta-blockers would enhance the risk-benefit profile of these agents, as broader 

prescription may lead to adverse effects[34]. Finally, when HFrEF was detected a higher 

burden of CAD was present, suggesting CAD warrants consideration when HFrEF is 

detected. 

Current AECOPD treatment paradigms[25] are dominantly aimed at pulmonary, rather than 

cardiac parameters, despite COPD populations demonstrating a 2.5-fold increased risk of 

cardiac disease[33]. Paradoxically, COPD management recommendations emphasise a 

thorough ―precision medicine‖ approach, in which characteristics are defined and treated[35]. 

We found that some form of cardiac involvement at AECOPD was extremely common, with 

only 28% of patients not exhibiting one or more of severe CAD, HFrEF, or abnormal cardiac 

biomarkers. Without knowledge of influential cardiac diagnoses, a precision medicine 

strategy is difficult to fully implement and treatable cardiac diseases could be routinely 

overlooked. Overall, accurately diagnosing and treating cardiac comorbidities at an opportune 

occasion such as AECOPD could not only alter mortality and morbidity[1, 4, 11–13] but 



could also ensure tailored pulmonary treatments that will minimise adverse cardiac effects. 

Our data demonstrated, however, that FEV1 was the parameter most strongly associated with 

30-day readmission, implying that optimising airway management may be the correct 

approach to preventing short-term readmissions for many patients. 

The current study has caveats. Severely unwell patients including those with arrhythmias and 

with poor renal function were excluded from study. It is possible that results may not apply 

outside the study population of hospitalised AECOPD. However, findings are broadly 

consistent with previous global reports of under-diagnosis and under-treatment of coronary 

disease and systolic heart failure in COPD populations[1, 7, 36–38]. For example, 

quantitative coronary calcium burden in our patients was comparable to that in the ECLIPSE 

cohort[7], who also only received statins about one-quarter of the time; beta-blocker under-

prescription for HFrEF is commonly also reported[1, 37, 39].  

Diastolic dysfunction, and the clinical entity of heart failure with preserved ejection fraction 

are key comorbidities in patients with COPD that may explain cardiac biomarker elevation in 

some patients. However, methodologies to ascertain and quantify diastolic dysfunction on 

dynamic CT are not yet well established. Additionally, there is currently limited evidence that 

specific pharmacotherapies alter the course of heart failure with preserved ejection fraction, 

in contradistinction to HFrEF and CAD. Examining diastolic dysfunction therefore merits 

further study but was outside the scope of this work. 

A limitation of this work is that multiple assays were used for both troponin and BNP. 

Because there are no validated ways to interchange values between assays, we were unable to 

draw inferences based on absolute biomarker levels. In addition, blood lipids were not 

measured and so could not be used to apply standard cardiovascular risk estimators. 



A key strength is the use of dynamic CT to accurately assesses important cardiac parameters 

in a single, rapid imaging session requiring only one breath hold[21]. Coronary calcium was 

quantified using the gold-standard technique of prospective ECG-gated CT[15, 22]. For left 

and right ventricular parameters, dynamic CT is extremely precise and accurate, exhibiting 

near-perfect correlation (Pearson r 0.9 to 0.99) with the gold-standard of magnetic resonance 

imaging[16, 17, 19, 20]. CT however does require radiation exposure, adequate renal 

function and cannot directly measure pressures or vascular resistance. 

The detection of coronary artery calcium reflects late-stage subclinical coronary 

atherosclerosis, and scores are proportionate to the area and volume of plaque [15, 22, 40]. 

Although we used the term severe CAD to refer to Agatston scores of  ≥ 400 based on 

precedent [27], and worse outcomes when scores ≥ 400 [8, 41], it is a limitation that we did 

not conclusively demonstrate that these were associated with specific disease entities such as 

ischaemic heart disease.  

During AECOPD, dynamic CT affords substantial pragmatic advantages in comparison to 

other cardiac imaging modalities. In many patients with COPD, transthoracic 

echocardiography parameters cannot even be obtained due to hyperinflation and poor 

acoustic windows[2, 21]. In addition to overcoming this practical disadvantage, dynamic CT 

is more accurate than echocardiography[16]. Magnetic resonance imaging requires prolonged 

acquisitions in a claustrophobic environment, an arduous and potentially dangerous 

undertaking during acute breathlessness. Neither echocardiography nor magnetic resonance 

imaging can quantitate CAD. Conversely, dynamic CT was practicable and well tolerated 

during hospitalised AECOPD, revealing two significant, treatable cardiac diseases.  

Future studies could answer whether the HFrEF abnormalities observed are persistent or 

transient, and clarify associations between outcomes and other CT-derived measurements. 



Key unresolved questions are identifying a subpopulation who would benefit from an 

invasive angiographic approach, and whether routine implementation of a CT-based case-

finding strategy would be cost-efficient and improve long-term outcomes. 

In conclusion, detection of cardiac disease employing dynamic cardiopulmonary CT is 

feasible during AECOPD with approximately 40% of patients having severe, but treatable 

cardiac disease. The ability to accurately delineate cardiac pathologies has potential to guide 

treatment and improve prognosis in people with COPD.  
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Figures 

Figure 1: Dynamic cardiopulmonary Computed Tomography (CT) reveals severe but 

clinically undiagnosed coronary artery disease 

 

Dynamic cardiopulmonary CT during hospitalised AECOPD in a 77-year-old female ex-

smoker with post-bronchodilator FEV1 of 46% predicted and no previously diagnosed cardiac 

disease. Representative cardiac images are shown in Panel A with upper panes (i, ii and iii) 

depicting end-diastole, and lower panes (iv, v, vi) depicting corresponding end-systolic 

images. CT revealed normal left ventricular ejection fraction (68%) and normal right 

ventricular ejection fraction (55%). Extreme coronary artery calcification was found (Panel 

B, serial descending images), with an Agatston score of 2048. Coronary calcification was 

dominantly in the left main stem (LMS) and left anterior descending (LAD) arteries, with 

lesser disease in the left circumflex (LCx) and right coronary arteries (RCA). Troponin and 

B-type natriuretic peptide were not elevated. Statin and angiotensin converting enzyme 

inhibitor were commenced. Following recovery from AECOPD, invasive angiography 

confirmed severe LMS and LAD disease requiring coronary artery bypass grafting. See also 

Online Video. 

 

  



Figure 2: Treatable cardiac abnormalities on Computed Tomography (CT) are under-

diagnosed by standard clinical assessments  

 

With dynamic computed tomography (CT) as the gold standard, percentages of patients 

exhibiting relevant clinical parameter are depicted in grey. The additional yield from dynamic 

computed tomography is shown in black. Clinical diagnosis: clinical history and examination. 

Severe CAD: severe coronary artery disease (Agatston score ≥400), LVEF: left ventricular 

ejection fraction, RVEF, right ventricular ejection fraction, ECG: electrocardiogram, BNP: b-

type natriuretic peptide. 

  



Figure 3: Frequency and patterns of cardiovascular involvement in 148 patients with 

hospitalised acute exacerbations of Chronic Obstructive Pulmonary Disease  

  

Frequency and patterns of associations between left ventricular ejection fraction ≤ 40% 

(LVEF ≤ 40%), right ventricular ejection fraction ≤35% (RVEF ≤35%), severely elevated 

coronary artery calcium score (Agatston ≥400, severe CAD), elevated troponin and elevated 

B-type natriuretic peptide (BNP). The upper bar chart shows the number of patients with the 

given combination of abnormalities in the lower panel. Combinations of abnormalities with a 

frequency of five or more individuals are shown.  

  



Table 1: Characteristics of study participants at the time of admission (n=148 unless 

indicated) 

Baseline Characteristic Value 

Age (years) 69.5 ± 9.5 

Sex (n, %) 

Female 

Male 

 

60 (41%) 

88 (61%) 

Body-mass index (kg/m
2
) 25.0 ± 7.2 

Hospitalised exacerbations in prior 12 months (n, %)  

0 58 (39%) 

1 31 (21%) 

2  17 (12%) 

3 or more 42 (28%) 

Current smoker at admission (n, %) 56 (38%) 

Smoking history (pack years) 47.3 ± 31.8 

Postbronchodilator FEV1/FVC (%)* 39.8 ± 15.2 

Postbronchodilator FEV1 (% predicted)* 42.8 ± 18.5 

DLCO (% predicted)
† 

46.8 ± 20.8 

Relevant medical history at admission (n, %)  

Ischemic heart disease  30 (20%) 

Hypertension 58 (39%) 

Dyslipidaemia 57 (39%) 

Diabetes mellitus 19 (13%) 

Cerebrovascular disease 16 (11%) 



Heart failure 31 (21%) 

Peripheral vascular disease 9 (6%) 

Inhaled medications at admission (n, %)  

Long acting muscarinic antagonist 110 (74%) 

Long acting beta agonist 112 (76%) 

Inhaled corticosteroid 108 (73%) 

Domiciliary oxygen or non-invasive ventilation 30 (20%) 

Cardiovascular medications at admission (n, %)  

Angiotensin blocker 53 (36%) 

Beta blocker 17 (12%) 

Non-dihydropyridine calcium channel blocker
‡
 17 (12%) 

Antiplatelet 41 (28%) 

Anticoagulation§ 8 (5%) 

Statin 48 (32%) 

Mineralocorticoid receptor antagonist 6 (4%) 

Furosemide 26 (18%) 

Values are mean±standard deviation, or n (%). * n=129. 
†
Diffusion/transfer capacity of the 

lung for carbon monoxide, 
 
n=122. 

‡
Non-dihydropyridine calcium channel blocker:

 
verapamil 

or diltiazem. §Anticoagulation: warfarin or directly acting oral anticoagulant.  

 

  



Table 2: Cardiac parameters at acute exacerbation (n=148 unless indicated) 

Variable Value 

Heart rate (bpm) 85.7 ± 14.1 

Cardiac biomarkers (n, %)*
 

 

Troponin elevated  38/138 (28%) 

B-type natriuretic peptide elevated 63/136 (46%) 

Cardiac parameters (dynamic computed tomography)  

Left ventricle  

EDVI (ml/m
2
) 75.1 ± 23.0 

ESVI (ml/m
2
) 30.7 ± 22.1 

Ejection fraction (%) 61.6 ± 13.7 

Right ventricle  

EDVI (ml/m
2
) 90.3 ± 25.7 

ESVI (ml/m
2
) 47.2 ± 22.7 

Ejection fraction (%) 48.6 ± 10.6 

Cardiac output indexed (left ventricular, 

l/min/m
2
) 

3.8 ± 0.9 

Coronary artery calcium score (Agatston)†  

0 (none) 29 (20%) 

1-99 (mild) 35 (24%) 

100-399 (moderate) 30 (21%) 

400-999 (severe) 20 (14%) 

≥1000 (extreme) 31 (21%) 

 



Mean ± standard deviation or n (%). *Above manufacturer’s upper limit of normal. EDVI = 

end diastolic volume index, ESVI = end systolic volume index. Indexed values are raw 

values divided by body surface area. †n= 145 (two technical failures, one prior coronary 

bypass grafting).  

 

  



Table 3: Cardiovascular medications at admission in patients with severe cardiac 

disease diagnosed by computed tomography 

Treatment Coronary 

artery 

calcium score 

≥400, n=51 

Left ventricular 

ejection fraction 

≤40%, n=12 

Right ventricular 

ejection fraction ≤35%, 

n=18 

Angiotensin blocker 25 (49%) 6 (50%) 5 (28%) 

Beta blocker 8 (16%) 2 (17%) 2 (11%) 

Non-dihydropyridine 

calcium channel blocker* 

6 (12%) 1 (8%) 2 (11%) 

Antiplatelet 20 (39%) 6 (50%) 8 (44%) 

Anticoagulation† 4 (8%) 1 (17%) 3 (17%) 

Statin 27 (53%) 8 (67%) 8 (44%) 

Mineralocorticoid 

receptor antagonist 

2 (4%) 0 3 (17%) 

Furosemide 11 (22%) 1 (8%) 6 (33%) 

 

N (%). 
*
Non-dihydropyridine calcium channel blocker:

 
verapamil or diltiazem,

 

†Anticoagulation: warfarin or directly acting oral anticoagulant 

 

 

 



 



 



 


