International Journal of Chronic Obstructive Pulmonary Disease downloaded from https://www.dovepress.com/

For personal use only.

International Journal of COPD Dove

3

ORIGINAL RESEARCH

Speckle tracking echocardiography in chronic
obstructive pulmonary disease and overlapping
obstructive sleep apnea

Carmen Pizarro*
Fabian van Essen*
Fabian Linnhoff
Robert Schueler

Christoph Hammerstingl

Georg Nickenig
Dirk Skowasch
Marcel Weber

Department of Internal Medicine I,

Cardiology, Pneumology and

Angiology, University Hospital Bonn,

Bonn, Germany

*These authors contributed equally

to this work

Correspondence: Carmen Pizarro
Department of Internal Medicine I,
Cardiology, Pneumology and Angiology,
University Hospital Bonn, Sigmund-Freud-
StraBe 25, 53105 Bonn, Germany

Tel +49 228 2871 5259
Fax +49 228 2871 4323

Email carmen.pizarro@ukb.uni-bonn.de

This article was published in the following Dove Press journal:
International Journal of COPD

3 August 2016
Number of times this article has been viewed

Background: COPD and congestive heart failure represent two disease entities of growing
global burden that share common etiological features. Therefore, we aimed to identify the
degree of left ventricular (LV) dysfunction in COPD as a function of COPD severity stages
and concurrently placed particular emphasis on the presence of overlapping obstructive sleep
apnea (OSA).

Methods: A total of 85 COPD outpatients (64.1+£10.4 years, 54.1% males) and 20 controls,
matched for age, sex, and smoking habits, underwent speckle tracking echocardiography for
LV longitudinal strain imaging. Complementary 12-lead electrocardiography, laboratory test-
ing, and overnight screening for sleep-disordered breathing using the SOMNOcheck micro®
device were performed.

Results: Contrary to conventional echocardiographic parameters, speckle tracking echocardiog-
raphy revealed significant impairment in global LV strain among COPD patients compared to
control smokers (—13.3%%5.4% vs —17.1%%1.8%, P=0.04). On a regional level, the apical septal
LV strain was reduced in COPD (P=0.003) and associated with the degree of COPD severity
(P=0.02). With regard to electrocardiographic findings, COPD patients exhibited a significantly
higher mean heart rate than controls (71.4£13.0 beats per minute vs 60.31+7.7 beats per min-
ute, P=0.001) that additionally increased over Global Initiative for Chronic Obstructive Lung
Disease stages (P=0.01). Albeit not statistically significant, COPD led to elevated N-terminal
pro-brain natriuretic peptide levels (453.2+909.0 pg/mL vs 96.8170.0 pg/mL, P=0.08). As to
somnological testing, the portion of COPD patients exhibiting overlapping OSA accounted for
5.9% and did not significantly vary either in comparison to controls (P=0.07) or throughout the
COPD Global Initiative for Chronic Obstructive Lung Disease stages (P=0.49). COPD-OSA
overlap solely correlated with nocturnal hypoxemic events, whereas LV performance status
was unrelated to coexisting OSA.

Conclusion: To conclude, COPD itself seems to be accompanied with decreased LV deformation
properties that worsen over COPD severity stages, but do not vary in case of overlapping OSA.
Keywords: chronic obstructive pulmonary disease, speckle tracking echocardiography, left
ventricular dysfunction, overlap syndrome

Introduction

Chronic obstructive pulmonary disease (COPD), characterized by not fully reversible
airflow obstruction, imposes a substantial global disease burden.'? Growing evidence
indicates that the natural course of COPD is decisively influenced by associated dis-
orders beyond the lungs. Among these extrapulmonary comorbidities, cardiovascular
pathologies constitute major determinants of the disease’s morbidity and mortality.?
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This association is even upheld after adjustment for common
cardiovascular stressors such as smoking, arterial hyperten-
sion, age, or sex and is foremost attributable to persistent
low-grade systemic inflammation.** Coexistence of COPD
and biventricular dysfunction has primarily been ascertained
in advanced COPD stages.” It is noteworthy that subclinical
biventricular dysfunction is detectable even in mild COPD,
suggesting that cardiac comorbidities commence early in
COPD and initially remain clinically occult.®

Currently, two-dimensional speckle tracking echocar-
diography (2D STE) constitutes an established noninvasive
imaging technique that permits visualization of ventricular
strain and analysis of deformation capabilities.’ In comparison
to conventional echocardiography, STE has shown superior
discriminatory power for evaluation of global and regional
biventricular function. Kalaycioglu et al recently reported
association in COPD between the BODE index (body mass
index, airflow obstruction, dyspnea, and exercise capacity)
and STE-assessed left ventricular (LV) contractility.'

Apart from cardiovascular comorbid conditions, sleep-
disordered breathing (SDB) is commonly associated with
COPD. Concomitance of obstructive sleep apnea (OSA) and
COPD, referred to as “overlap syndrome”, constitutes a dis-
tinct disease entity that results in profound nocturnal oxygen
desaturation and daytime gas exchange derangements.'
As repetitive hypoxemic stress enforces blood pressure
increases, arrhythmic events, and endothelial dysfunction,'?
comorbid OSA may exert an additional negative impact on
cardiac performance.

Thus, the aim of this prospective cohort study was: 1) to
analyze LV performance status by conventional echocardiog-
raphy and STE, as a function of COPD severity degree, 2) to
determine the impact of concomitant OSA on cardiac con-
tractility, and 3) to correlate the results with those obtained
in matched control smokers.

Methods

Study population

Between July 2014 and December 2015, 85/109 consecutive
COPD patients under treatment at the outpatient pneumological
department of the University Hospital Bonn (Germany) were
included in this prospective cohort study. COPD diagnosis
was spirometrically and clinically confirmed in accor-
dance with the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) diagnostic criteria.> Patients were
approached during their outpatient consultation and excluded
in case of COPD exacerbation within the preceding 3 months.
Patients with previously diagnosed SDB were excluded from
study participation.

In addition to the COPD patient population, 20 age- and
sex-matched smokers without lung functional abnormalities
were selected as controls. Controls were current or former
smokers with a smoking history greater than 5 pack-years;
their recruitment was carried out from the general population
by screening invitation. Both COPD patients and controls
underwent overnight screening for SDB and evaluation of
cardiac performance status by transthoracic echocardiogra-
phy, offline LV speckle tracking analysis, and laboratory
testing. The study was conducted in compliance with the
Declaration of Helsinki and was approved by the medical
ethics committee of Bonn (Germany). All participants gave
informed written consent before inclusion in the study.

Pulmonary function testing

Spirometrically determined postbronchodilator forced expi-
ratory volume in one second (FEV), forced vital capacity,
and the resulting FEV /forced vital capacity ratio <0.70
indicated persistent airflow limitation and confirmed COPD.
Spirometric degree of obstruction, symptomatology — as
assessed by the COPD assessment test — and exacerbation risk
defined COPD stages, according to the current guidelines.?

Nocturnal SDB screening

All study participants underwent screening for SDB by
a single nighttime outpatient study using SOMNOcheck
micro® (Weinmann Medical Technology, Hamburg,
Germany). This sleep diagnostic device relies on a two-
channel algorithm: by nasal cannula, respiratory flow
assessment is achieved;"® photoplethysmographic analysis
of the pulse wave amplitude enables differentiation between
obstructive and central apneic events and evaluation of sleep
fragmentation status.'* The apnea hypopnea index (AHI)
that describes the average number of apneic and hypopneic
events per hour of sleep was employed for diagnosing and
staging SDB'S: an AHI <5/h excluded SDB, whereas AHI
values of 5 to <15/h, 15 to <30/h, and =30/h were indica-
tive of mild, moderate, and severe sleep apnea, respectively.
Also, the subjects’ general daytime sleepiness was quantified
by using the Epworth Sleepiness Scale (ESS), with an ESS
score >9 implying excessive sleepiness. '

Electrocardiographic and laboratory
testing

Each study participant underwent 12-lead electrocardiogram
and blood sampling that encompassed a full blood count and
measurement of plasma N-terminal pro-brain natriuretic
peptide (NT-proBNP) levels, which is a cardiac biomarker
of myocardial failure.
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Echocardiographic study

A complete 2D transthoracic echocardiography study was
conducted using a 2.5 MHz phased-array transducer and
a standard ultrasound scanner (Vivid 7, General Electric
Medical Health, Waukesha, W1, USA; iE 33, Philips Medical
Systems, Koninklijke NV, Hamburg, Germany), in confor-
mity with the recommendations of the American Society
of Echocardiography.'” Conventional echocardiographic
parameters were measured with the patient in the left lateral
decubitus and supine positions for parasternal-apical and
subcostal views, respectively. Echocardiographic recordings
were digitized and transferred to a commercially available
workstation with dedicated software (TomTec Imaging
Systems GmbH, Unterschleissheim, Germany) for offline
2D STE analysis. On the basis of a grayscale apical four-
chamber view, the LV endocardial border was manually
traced, starting from the septal to the lateral mitral annulus,
and tracked based on software throughout two cardiac cycles.
Regional longitudinal strain assessment was performed by
partition of the LV into six standard segments at the apical,
midventricular, and basal levels. Global longitudinal LV
strain was calculated by averaging the six segmental values.
All conventional and STE studies were conducted by expe-
rienced cardiologists who were blinded to the patients’
pneumological data.

Statistical analysis

Statistical analyses were conducted using Statistical Package
for the Social Sciences 23.0 software (IBM Corporation,
Armonk, NY, USA). In case of continuous variables,
data were expressed as mean and standard deviation or
as median and interquartile range; categorical parameters
were presented as frequency and percentage. Comparison
of categorical parameters was performed by Fisher’s exact
test or Pearson’s chi-squared test. For continuous variables,
Student’s #-test or univariate analysis of variance was
employed. Correlations between variables were examined
with Spearman’s correlation coefficient. Receiver operating
characteristic curve analysis was conducted to describe the
predictive value of strain parameters; the correspondent
area under the curve with its 95% confidence interval was
calculated. A two-sided P-value <0.05 was considered
statistically significant.

Results

Clinical characteristics

We prospectively enrolled 85 COPD outpatients for SDB
screening and cardiac performance evaluation, as described
above. Demographic characteristics and clinical data of

the patient population are summarized in Table 1. Mean
age of the study patients was 64.1+10.4 years. Forty-six
out of 85 patients (54.1%) were males. Staging accord-
ing to COPD GOLD classification revealed 7.1%, 49.4%,
3.5%, and 40.0% of patients belonging to GOLD groups
A-D, respectively. Overall, mean postbronchodilator FEV|
averaged 1.6+0.81 in absolute terms and 57.8%+22.3%
of the predicted value. As displayed in Table 1, this per-
sistent airflow limitation was accompanied by moderate
hyperinflation, restricted diffusion capacity, and impaired
oxygenation status that required home oxygen therapy in
17/85 patients.

Twenty controls were matched against COPD patients
with respect to age, sex, and smoking history. Neither
pack-year defined cumulative smoking status nor current
smoking habits differed between groups (P=0.31 and P=0.89,
respectively). However, no airflow obstruction was detected
among controls: with the exception of mean partial pressure
of carbon dioxide (P=0.38), pulmonary function values sig-
nificantly varied between both groups, as did COPD assess-
ment test scores (each with P<<0.001) (Table 1).

Somnological examination

As to nocturnal respiratory events, SDB screening revealed
a mean AHI of 6.5+7.0/h within the COPD population,
which did not differ from the index obtained in controls
(AHI =5.7£5.3, P=0.97). Also, comparison of AHI within
all five study groups (ie, COPD GOLD stages A through D
and controls, the last one termed “COPD GOLD 0”) did not
offer significant differences (P=0.47). Likewise, no distribu-
tive imbalances of primarily obstructive or central apneic
events were observed (Table 2). The portion of subjects
in whom screening indicated the presence of sleep apnea
(by an AHI =15/h, or an AHI =5 to <15/h along with an ESS
score =10) was 7 among 85 COPD patients and 3 among
20 controls (8.2% vs 15.0%, P=0.81). Concomitant OSA
in COPD patients — referred to as overlap syndrome — was
observed in 5/85 patients (5.9%); however, the prevalence
of OSA was balanced between COPD patients and controls
(5.9% vs 5.0%, P=0.07), as well as throughout the distinct
COPD GOLD severity groups (P=0.49).

With regard to nocturnal oxygenation status, mean oxygen
saturation correlated inversely with COPD GOLD stages
(Spearman’s rho: —0.40, P=0.04) and was significantly
lower in COPD patients than among controls (93.5%2.0%
vs 95.4%10.8%, P=0.003). By contrast, no distributive dif-
ferences were ascertained either for the oxygen desaturation
index (ODI) or for the minimum levels of oxygen saturation
recorded (Table 2).
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Table | Clinical data of study participants as a function of presence and severity of COPD

Categorical variables COPD COPD COPD COPD All COPD Controls  All study P-value
GOLDA GOLDB GOLDC GOLDD patients participants
Subjects, n (%) 6(5.7) 42 (40.0) 3(29) 34 (32.4) 85 (81.0) 20 (19.0) 105 (100.0)
Demographics
Age (years) 65.3+10.1 628115  73.7+45.1 64.719.1 64.1+10.4 61.3+6.9 63.6+9.9 0.27
Male, n (%) 3 (50.0) 25 (59.5) 1 (333) 17 (50.0) 46 (54.1) I'l (55.0) 57 (54.3) 0.94
BMI (kg/m?) 26.8+6.0 26.245.0 23.6+3.5 24.8+5.8 25.9+5.4 27.844.1 26.315.2 0.21
CAT 8.0£2.0 20.3+5.7 6.54+3.5 22.9+6.2 20.3+7.0 8.4+5.7 17.7+8.3 <0.001
Pulmonary function parameters?®
FEV, (L) 1.9740.73  2.07+0.81 1.07+0.21 1.07+0.40 1.61+0.82 2.90+0.86 1.86+0.97 <0.001
FEV, (% predicted) 772+19.8  709+175  46.1£3.9 39.3+13.3  57.8+223 98.1£13.5  65.6+26.3 <0.001
FEV /FVC ratio 63.1+11.0  67.9%11.2  58.6+13.1 52.4+143  60.5+I5.1 78.6+7.3 64.0+15.6 <0.001
RV (L) 3.76+1.40  2.93+0.96  3.58%1.20 4.26%1.24  3.82+1.52 2531094  3.56xl.51 <0.001
RV (% predicted) 166.1£50.4  130.6+44.5 141.7423.5 181.7443.5 171.0£67.9 111.4£359 159.6+66.9 <0.001
R tot (kPa s/L) 0.35+0.14  0.30£0.14  0.40£0.03  0.50+0.18  0.46+0.27 0.21+0.08  0.42+0.26 <0.001
R tot (% predicted) 115.4+46.5 100.9+46.2 132.7+9.7 165.5+59.4  155.3+92.0  71.6+27.5 140.4+£89.3 <0.001
DLco (% predicted) 74.918.2 54.7t11.8  47.7£153  349%155  485%17.1 78.3%12.6  57.1+£20.7 <0.001
DLco/VA (% predicted) 88.247.1 700142  70.2+185  45.1£16.9  60.9+21.5 91.7+15.5  69.5£24.0 <0.001
Capillary blood gas analysis
pO, (mmHg) 70.1£5.6 65.5+9.5 64.0+3.0 59.1+6.9 66.4+13.3 77.6+4.3 68.5+12.9 <0.001
pCO, (mmHg) 33.5+6.2 35.1+8.0 37.4+0.8 37.5+3.9 36.3+6.4 34.9+4.8 36.0+6.1 0.38
sO, (%) 95.7+0.7 93.9+3.8 94.0+2.0 91.2+2.6 93.5+2.9 96.3+0.8 94.1£2.8 <0.001
Cardiovascular risk factors, n (%)
Arterial hypertension 5(83.3) 19 (45.2) 2 (66.7) 23 (67.6) 49 (57.6) 10 (50.0) 59 (56.2) 0.47
Diabetes mellitus 0(0) 6 (14.3) 0(0) 6(17.6) 12 (14.1) 2 (10.0) 14 (13.3) 0.53
Dyslipidemia 2(33.3) 18 (42.9) 2 (66.7) Il (324) 33(38.8) 7 (35.0) 40 (38.1) 0.53
Familial disposition 2 (33.3) 15 (35.7) 0 (0) 6 (17.6) 23 (27.1) 10 (50.0) 33(31.4) 0.33
Smoking habits
Current smoker, n (%) 0(0) 10 (23.8) 1 (33.3) 6(17.6) 17 (20.0) 4 (20.0) 21 (20.0) 0.89
Former smoker, n (%) 5(83.3) 29 (69.0) 2 (66.7) 27 (79.4) 63 (74.1) 16 (80.0) 79 (75.2)
Never smoker, n (%) 1 (16.7) 3(7.1) 0 (0) I (2.9) 5(5.9) 0 (0) 5(4.38)
Pack-years, median (range) 10 (0-20) 30 (0-125) 40 (20-60) 40 (0-80) 30 (0-125) 30 (5-150) 30 (0-150) 0.31
Alpha-| antitrypsin deficiency, n (%) 0 (0) 2 (4.8) 1 (33.3) 2 (5.9) 5(5.9) 0(0) 5(4.8) 0.26
Prediagnosed comorbidities, n (%)
Pulmonary hypertension 0(0) 6 (14.3) 1 (33.3) 5(14.7) 12 (14.1) 0(0) 12 (11.4) 0.07
Coronary heart disease 4 (66.7) 13 (31.0) 1 (333) 6 (17.6) 24 (28.2) 2 (10.0) 26 (24.8) 0.09
Antiobstructive and anti-inflammatory medication use, n (%)
Long-acting beta, agonist 0(0) 29 (69.0) 3 (100.0) 28 (82.4) 60 (70.6) 0 (0) 60 (57.1) <0.001
Long-acting anticholinergic 0(0) 22 (52.4) 1 (33.3) 28 (82.4) 51 (60.0) 0 (0) 51 (48.6) <0.001
Inhaled glucocorticoid 0(0) 0(0) 2 (66.7) 27 (79.4) 29 (34.1) 0(0) 29 (27.6) <0.001
Systemic glucocorticoid 0(0) 0(0) 0(0) 4(11.8) 4(4.7) 0(0) 4(3.8) 0.003
PDE-4 inhibitor (roflumilast) 0(0) 0(0) 1 (333) 14 (41.2) 15 (17.6) 0(0) 15 (14.3) <0.001
Home oxygen therapy, n (%) 0(0) 0(0) 2 (66.7) 15 (44.1) 17 (20.0) 0(0) 17 (16.2) 0.03

Notes: Data are presented as mean * standard deviation, median (range), or n (%). P-value refers to data comparison between the entire COPD group and controls. *Based

on postbronchodilator pulmonary function testing.

Abbreviations: BMI, body mass index; CAT, COPD assessment test; DLco, diffusion capacity for carbon monoxide; FEV,, forced expiratory volume in | second; FVC,
forced vital capacity; GOLD, Global initiative for Chronic Obstructive Lung Disease; pCO,, carbon dioxide partial pressure; PDE-4, phosphodiesterase type 4; pO,, oxygen
partial pressure; R tot, total resistance; RV, residual volume; sO,, oxygen saturation; VA, alveolar volume.

As aforementioned, 5/85 COPD patients suffered from
overlapping OSA. Within the COPD cohort, presence of
overlap syndrome was related to higher nocturnal ODIs
(12.2+14.4/h vs 2.8%3.4/h, P=0.001) (Figure 1). In keeping
with this, minimal nocturnal oxygen saturation was sig-
nificantly lower in overlap patients than in COPD patients
without concomitant OSA (79.8%%3.3% vs 84.8%15.9%,

P=0.02). However, pulmonary function parameters did not
differ between groups.

Cardiological examination

Echocardiographic, electrocardiographic, and laboratory
parameters are provided in Table 3. Conventional echocar-
diography showed an overall preserved systolic LV function
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Table 2 Results obtained by screening for sleep-disordered breathing as a function of presence and severity of COPD

Categorical COPD COPD COPD COPD

variables

All COPD Controls All study
GOLD A GOLD B GOLD C GOLD D patients

P-value® (COPD P-value® (COPD

participants group vs GOLD A through

controls) D and controls)
Subjects, n (%) 6(5.7) 42 (40.0) 3 (29) 34(324) 85(81.0) 20 (19.0) 105 (100.0)
Recording time (h)  6.05+2.16 5.63+1.27 6.95+0.92 7.12+0.70 6.19£1.50 6.38%1.18 6.29+1.42 0.38 0.42
Respiratory events (per h)
AHI 5.8%3.2  5.37+6.53 9.35£1.06 2.06*1.40 6.48+7.01 5.74+5.26 6.47+6.65 0.97 0.47
Obstructive AHI 3.613.0 2574391 575£1.91 0.86+0.83 3.56+5.04 2.93+4.57 3.33+4.79 0.56 0.55
Central AHI 1.9+0.9  2.46+2.89 2.60+2.40 1.16+0.71 2.20+2.08 2.63+2.06 2.32+2.04 0.45 0.63
Autonomic arousals (per h)
Autonomic arousal 9.6£9.0  I5.1£13.1 113444 18.1£11.3 16.9£129 15.8+10.2 16.8+12.0 0.93 0.71
index
Respiratory arousal 1.1+0.9  23+3.6 3.1x1.7 09404  3.1+4.1 2.5+1.9 29437 0.65 0.34
index
Respiratory effort 0.33£0.35 0.53+0.75 1.50+0.42 0.18+0.25 0.91*+1.44 0.57+0.85 0.87+1.33 0.71 0.56
related arousal index
Nocturnal oxygenation
ODI (per h) 4.0+3.9 55499 47+19 15820 3.7+6.1 .4+1.1 33154 0.31 0.45
Minimal saturation (%) 85.5+3.7 83.8+8.9 80.0+2.8 86.8+3.2 84.0+6.1 87.6+4.8 848158 0.06 0.32
Mean saturation (%) 93.8%1.5 944420 93.01.4 93.4+09 93.5£2.0 954408 93.9+2.0 0.003 0.04
Nocturnal heart rate 68.3+5.3 65.7+6.5 70.0+l1.4 70.9+9. 67.5+73  60.0+6.0 65.7+7.7 0.001 0.003
(beats per minute)
Epworth sleepiness scale
Mean score 20+14 79452 50442 57435  6.5+4.6 7.545.1  6.7+4.7 0.48 0.06
Score =10, n (%) 0 (0) 10 (23.8) 0(0) 3(858) 13(15.3) 2(10.0) 15(14.3) 0.39 0.22

Notes: Data are presented as mean + standard deviation or n (%). *P-value refers to data comparison between the entire COPD group and controls. °P-value refers to data

comparison between all five groups (COPD GOLD A through D and controls).

Abbreviations: h, hour; AHI, apnea hypopnea index; GOLD, Global initiative for Chronic Obstructive Lung Disease; ODI, oxygen desaturation index.

without differences between groups. Likewise, diastolic
LV performance and right functional echocardiographic
parameters — such as pulmonary arterial systolic pressure and
tricuspid annular plane systolic excursion — lacked significant
intercohortal differences. On the contrary, STE-based lon-
gitudinal LV performance evaluation revealed a relevantly

P=0.001

N w
o o
1 |

ODI (events per h)
S

T T
COPD without OSA Overlap syndrome

Figure | OD|, stratified by the presence of overlapping OSA in COPD patients.
Abbreviations: h, hour; ODI, oxygen desaturation index; OSA, obstructive
sleep apnea.

impaired mean global LV strain in the total COPD cohort
compared to controls (—13.3%+5.4% vs —17.1%=%1.8%,
P=0.04) (Figures 2A,B and 3A). Additional statistically sig-
nificant relations were observed on linear regression analysis
between global LV strain and FEV1 of the predicted value
(Spearman’s rho: —0.26, P=0.04). On a regional level, the
apical septal LV strain was significantly reduced in COPD
patients (P=0.003) (Figure 3B) and was associated with
the severity degree of COPD (P=0.02). Receiver operating
characteristic curve analysis reinforced the predicted value
of the apical septal strain for identification of patients with
COPD (area under the curve: 0.81; 95% confidence interval:
0.67-0.95; P=0.003) (Figure 4).

With regard to electrocardiographic findings, COPD
patients exhibited a significantly higher mean heart rate
than controls (71.4+13.0 beats per minute vs 60.317.7 beats
per minute, P=0.001); moreover, the heart rate increased
within COPD stages (P=0.01). This observation is consis-
tent with the results derived from somnological screening:
nocturnal heart rate accelerated over COPD severity degrees
(P=0.003) and significantly exceeded the heart rate of con-
trols (P=0.001) (Table 2; Figure 5A and B).
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Table 3 Comparison of laboratory, electrocardiographic, as well as conventional and speckle tracking-based echocardiographic data

according to presence and severity of COPD

Categorical COPD COPD COPD COPD All COPD Controls All study P-value® P-value®
variables GOLDA GOLDB GOLDC GOLDD patients participants (COPD group (COPD GOLD
vs controls) A through D
and controls)
Subjects, n (%) 6 (5.7) 42 (40.0) 3(29) 34 (32.4) 85 (81.0) 20 (19.0) 105 (100.0)
Laboratory testing
Leukocytes 7.8+3.7 9.243.0 12.748.6 9.7+33 9.4+33 6.9+2.3 8.9+3.3 0.002 0.02
(10°/mL)
Hemoglobin 14.71.6 14.2£1.6 14.5£1.9 13.8£1.8 14.1£1.6 14515  14.2%1.6 0.32 0.65
(g/dL)
Thrombocytes ~ 228.6+45.2 251.5£60.5 208.5£23.3 270.7£90.0  256.5+71.9 252.6+44.0 255.7+66.9  0.82 0.58
(10°%/mL)
NT-proBNP 228.0+151.4 478.8+911.1 178.5+173.2 478.3+1,013.6 453.2£909.0 96.8£70.0 384.0+827.8 0.08 0.45
(pg/mL)
Electrocardiographic parameters, n (%)
Heart rate (beats 65.2+6.7 71.1£12.6  67.0£5.7 73.2%£145 714+13.0 60.3+7.7  69.2+12.9 0.001 0.01
per minute)
Rhythm, n (%)
Sinus rhythmus 6 (100.0) 41 (97.6) 3 (100.0) 34 (100.0) 84 (98.8) 20 (100.0) 104 (99.0) 0.62 0.87
Atrial fibrillation 0 (0) I (2.4) 0(0) 0 (0) 1(1.2) 0 (0) I (1.0)
Premature beats, n (%)
Atrial 0 (0) 0 (0) 0 (0) 0 (0) 0(0) I (5.0) I (1.0) 0.04 0.39
Ventricular 0 (0) 6(14.3) 0 (0) 3(858) 9 (10.6) 0 (0) 9 (8.6) 0.12 0.35
Bundle branch block, n (%)
No bundle 6 (100.0) 38 (90.5) 2 (66.7) 27 (79.4) 73 (85.9) 19 (95.0) 92 (87.6) 0.28¢ 0.03¢
branch block
Right bundle 0 (0) 3(7.1) 1 (33.3) 7 (20.6) 11 (12.9) | (5.0) 12 (11.4)
branch block?
Left bundle 0 (0) I (2.4) 0 (0) 0 (0) 1(1.2) 0 (0) I (1.0)
branch block®
Conventional echocardiographic parameters
LV ejection 62.517.1 61.9+9.5 68.8+5.4 61.0£8.9 61.7+9.0 63.5+45  62.148.3 0.41 0.67
fraction (%)
Diastolic dysfunction, n (%)
No diastolic 4 (66.7) 19 (45.2) 1(33.3) 6(17.6) 30 (35.3) 7 (35.0) 37 (35.2) 0.78 0.18
dysfunction
Grade | 2 (33.3) 21 (50.0) 1 (33.3) 27 (79.4) 51 (60.0) I'1(55.0) 62 (59.0)
Grade Il 0 (0) 2 (4.8) 1 (33.3) 1 (2.9) 44.7) 2 (10.0) 6 (5.7)
Grade llI 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
PASP (mmHg) 23.2+9.8 302111 26.543.6 34.5%17.3 31.0£13.7  30.0+43  30.9%13.1 0.90 0.71
TAPSE (cm)  2.50+0.51 1.94+0.58  2.20+0.28  2.09+0.57 2.07+0.56  2.48+0.54 2.13+0.57 0.14 0.32
Mitral valve 2 (33.3) 25 (59.5) 1 (33.3) 21 (61.8) 49 (57.6) I15(75.0) 64 (61.0) 0.42 0.72
disease, n (%)
Aortic valve 1 (16.7) 12 (28.6) 1 (33.3) 6 (17.6) 20 (23.5) 3 (15.0) 23 (21.9) 0.31 0.78
disease, n (%)
Tricuspid valve | (16.7) 17 (40.5) 2 (66.7) 19 (55.9) 39 (45.9) I15(75.0) 54 (51.4) 0.18 0.89
disease, n (%)
STE-based LV longitudinal strain assessment
Apical lateral —13.7+46 119470 —9.1+838 —I1.1£5.9 —11.546.5 162453 —12.3+6.5 0.04 0.31
strain (%)
Medial lateral —12.8+7.1 -11.8+48 -142+34 —11.8+3.8 —11.9+44 —13.6£39 -12.2443 0.33 0.8l
strain (%)
Basal lateral —12.8+42 -17.3£73 -I17.1x11.1 —15.0£6.5 -16.2£7.0 —17.0£6.1 —16.4+6.8 0.75 0.78
strain (%)
Apical septal —18.2+4.1 164484 —14.5%+13.6 -21.149.6 —18.1£9.1 279468 -19.6+94 0.003 0.02
strain (%)
Medial septal —13.2439 -13.3458 -14.0£1.9 —13.746.1 —13.5£5.7 —13.1£55 —13.445.6 0.88 0.99
strain (%)
(Continued)
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Table 3 (Continued)

Categorical COPD COPD COPD COPD All COPD Controls All study P-value® P-value®
variables GOLDA GOLDB GOLDC GOLDD patients participants (COPD group (COPD GOLD
vs controls) A through D
and controls)
Basal septal —178+3.7 —10.6£69 —9.1+4.0 —10.7+5.7 —-10.8+6.3 —10.0£3.7 -10.6£5.9 0.72 0.8l
strain (%)
Global strain (%) —13.9£1.1 —13.8434 172423 —12.0+7.7 —13.3+54 —17.1£1.8 —13.9452 0.04 0.14

Notes: Data are presented as mean + standard deviation or n (%). *P-value refers to data comparison between the entire COPD group and controls. ®P-value refers to data
comparison between all five groups (COPD GOLD A through D and controls). P-value refers to data comparison for occurrence of right bundle branch block. ‘Comprises

both complete and incomplete bundle branch block morphology.

Abbreviations: GOLD, Global initiative for Chronic Obstructive Lung Disease; LV, left ventricular; NT-proBNP, N-terminal pro-brain natriuretic peptide; PASP, pulmonary
arterial systolic pressure; STE, speckle tracking echocardiography; TAPSE, tricuspid annular plane systolic excursion.

Laboratory testing evidenced elevated NT-proBNP levels
among COPD patients as compared to controls (453.2+909.0
pg/mL vs 96.8+70.0 pg/mL); however, NT-proBNP dis-
tribution failed to reach statistical significance (P=0.08).
Nonetheless, linear regression analysis revealed significant
relation between NT-proBNP levels and the following
postbronchodilator pulmonary function and capillary blood
gas parameters: FEV % predicted (P=0.03), total airway
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resistance % predicted (P=0.04), oxygen partial pressure
(P=0.004), and oxygen saturation (P=0.001).

Discussion

In a prospective analysis of a cohort of 85 COPD patients and

20 control smokers, the main findings are as follows:

e As compared to controls, COPD patients exhibited sig-
nificantly decreased LV deformation properties.
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Figure 2 Left ventricular longitudinal strain analysis, visualized by two-dimensional speckle tracking echocardiography.

Notes: Deformation imaging of the left ventricle was performed in both COPD patients (A) and controls (B), which showed significant differences in global and apical
longitudinal deformation properties.

Abbreviations: Long, longitudinal; Max, maximum; Seg, segments; PK, peak; TPk, time to peak; GLS, global longitudinal strain; endo, endocardial.
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e Regional LV strain, concretely the apical septal longi-
tudinal strain, manifested substantial impairment over
COPD GOLD stages.

e The prevalence of sleep apnea was not higher in patients
with versus without COPD, nor did the prevalence vary
through COPD GOLD stages.

e 5.9% of COPD patients manifested overlapping OSA
that solely correlated with nocturnal ODI, whereas LV
performance status was unrelated to OSA occurrence.
In line with the current guidelines, the presence of largely

fixed airflow obstruction represents the prime descriptor of
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COPD.2 Nonetheless, a growing body of evidence indicates
that the concept of COPD as a disorder solely restricted to the
lungs can no longer be upheld.'® As epidemiological data irre-
futably demonstrate, the majority of COPD patients die from
cardiovascular disease, followed by lung cancer,'” whereas
the latter one represents the commonest cause of death among
patients with mild COPD.??° Within the cardiovascular
spectrum, ischemic heart disease and L'V heart failure show
major affliction and substantially impact the natural course of
COPD.2! As to chronic heart failure, more than 20% of COPD
patients have coexisting LV dysfunction.?? However, timely
diagnosis and effective monitoring of the different disease
entities are frequently impeded by their common cardinal
symptom of dyspnea. The pathophysiological mechanisms
underlying the coexistence of COPD and cardiovascular
disorders transcend the shared risk factor and are primarily
deducible from the chronic systemic inflammatory processes
beyond these disease entities.” Even in stable COPD courses,
low-grade systemic inflammation is detectable and is accom-
panied by blood leukocytosis, as well as increased plasma
levels of C-reactive protein, fibrinogen, and inflammatory
cytokines. During acute COPD exacerbation, this systemic
proinflammatory status flames up and declines in a protracted
manner during recovery.?* Irrespective of its underlying eti-
ology, chronic heart failure is associated with inflammatory
activation. As hypothesized, proinflammatory events may
promote cytokine release, and thereby subsequently accelerate
LV functional deterioration and heart failure progression.*
To evaluate to what extent COPD and LV heart failure
mutually exert a negative impact, we presently performed
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Figure 5 Both diurnal heart rate (A), measured by 12-lead electrocardiogram, and nocturnal heart rate (B), recorded by somnological screening, offer significant increase

over COPD GOLD stages (P=0.01 and P=0.001, respectively).
Note: Controls are referred to as “GOLD 0”.
Abbreviation: GOLD, Global initiative for Chronic Obstructive Lung Disease.
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conventional echocardiography and STE-based longitudinal
deformation imaging. Whereas standard echocardiographic
LV indices offered no intercohortal differences, STE-based
LV strain analysis identified the global, apical septal, and
apical lateral strain to be significantly impaired in COPD
patients compared to control smokers, though the prevalence
of LV valvular disorders and prediagnosed coronary heart dis-
ease did not vary between both groups (Tables 1 and 3). These
findings complement the observation made by Schoos et al
who performed longitudinal follow-up of 90 COPD patients
and identified the global longitudinal LV strain to be the
only independent predictor of all-cause long-term mortality.
In line with our results, global longitudinal strain did not
relevantly vary through COPD GOLD stages.*® Recently, a
cross-sectional study reported significant global longitudinal
LV strain deterioration in COPD patients compared to con-
trols; moreover, global strain was inversely related to BODE
index.!® Contrary to the aforementioned study, our control
cohort was matched against the COPD cohort not only for
age and sex, but also for smoking habits including cumula-
tive, pack-year defined smoking quantity. So, we intended
to define the impact of mere smoking status on echocardio-
graphic performance. Also, we presently expanded the strain
analysis by regional contractility assessment and ascertained
the apical septal strain to be not only impaired in COPD
patients, but also to correlate with the severity of COPD.
Though echo-graded diastolic dysfunction has repeatedly
been ascertained in COPD patients, but does not exhibit rising
prevalence over COPD GOLD stages,?” we presently did not
observe significant differences in diastolic function, either
within COPD severity degrees or in comparison with controls
(Table 3). However, we observed a significant impairment
in LV longitudinal strain that can primarily be ascribed
to a reduction in apical septal LV strain. The alteration in
LV septal deformation capacity might be traced back to
COPD-mediated right ventricular (RV) systolic dysfunction,
hypertrophy, and dilation that have been described in COPD
patients, even in the absence of pulmonary hypertension or
diastolic dysfuntion.”® In keeping with this, we presently
identified a rising prevalence of right bundle branch block
over COPD GOLD stages (P=0.03) (Table 3) that per se
attenuates septal deformation properties without affecting
diastolic performance status, as assessed by conventional
echocardiography. The observation of preferentially apical
LV impairment might likewise be ascribed to the RV impact,
as the apical RV performance has repeatedly been identified
as a sensitive descriptor of the total RV functional status.?**
In the present study, we ascertained a prevalence of 5.9% of

overlap by OSA in patients with COPD; likewise, 5.0% of
controls exhibited OSA, a prevalence rate that did not signifi-
cantly differ from that obtained in COPD patients. This result
is consistent with the observations made in the Sleep Heart
Health Study by Sanders et al: the prevalence of OSA was not
greater in patients with versus without COPD.?! According
to the current estimates, the prevalence for OSA and COPD
is at least 10%, respectively. However, whether each disor-
der predisposes to a higher incidence of the other remains
undetermined. In the World Health Organization—sponsored
Multinational Monitoring of Trends and Determinants in
Cardiovascular Disease II project, Bednarek et al ascertained
the prevalence of overlap syndrome to be 9.2%;* however,
these data are opposed to the prevalence reported by Soler
et al who identified OSA (defined by an AHI >5/h) in 65.9%
of COPD patients.*® These diverging results might be traced
back to a different diagnostic approach: contrary to Soler et al,
we defined presence of sleep apnea by an AHI =15/h, or
an AHI =5-15/h along with an ESS =10. As reported by
Steveling et al,* body mass index turned out to be a major
predictor of OSA among COPD patients. In our study, mean
BMI accounted for 25.9+5.4 kg/m? among the COPD cohort
and might have attenuated the presently observed prevalence
of overlapping OSA.

Except for ODI-defined, sleep-related hypoxemia,
concomitant OSA did not presently pose the risk of addi-
tional cardiac dysfunction to COPD patients: conventional
echocardiographic parameters, STE-based strain values, or
NT-proBNP levels did not diverge between COPD patients
with and without overlapping OSA. Our observations are
somewhat inconsistent with the findings obtained by Marin
et al who ascertained an increased mortality rate in overlap
syndrome patients compared to that in patients with COPD
alone, which included a higher number of cardiovascular
deaths.*® This discrepancy might be attributable both to the
limited number of patients identified to suffer from concomi-
tant OSA in our study and to the moderate OSA severity
degree among our overlap patients who exhibited a mean
AHI 0f20.249.5/h. In keeping with this, we observed a higher
rate of hypoxemic events only during nighttime, whereas
diurnal oxygenation did not differ between groups and might
therefore have cushioned the hypoxemia-driven effects on
endothelial dysfunction and atherosclerotic processes.

There are several methodological limitations to be con-
sidered. First, we have reported a single-center experience
and cannot exclude selection or procedure bias. The restricted
number of patients enrolled, particularly those exhibiting
overlapping OSA, might limit generalizability of study
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results. Also, the observed diurnal and nocturnal heart rate
acceleration over COPD severity degrees might have resulted
from the sympathetic side effect profile of bronchodilator
medication use. Finally, SDB screening was conducted using
the two-channel overnight in-home portable SOMNOcheck
micro device that relies on automatic data processing and
might confer minor diagnostic accuracy than manual scor-
ing like attended in-laboratory polysomnography. As a
consequence of the employed screening method, nocturnal
oxygenation report did not comprise information on the
cumulative percentage of time spent on oxygen saturation
below 90% (CT 90%). Taken together, COPD itself seems to
be accompanied with decreased LV deformation properties
that worsen over COPD severity stages, but do not vary in
case of overlapping OSA.
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