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Abstract:

Background:

The non-invasive assessment  of  pulmonary haemodynamics  during exercise  provides  complementary data  for  the  evaluation of
exercise tolerance in patients with COPD.

Methods:

Exercise echocardiography in the semi-supine position was performed in 27 patients with COPD (C) with a forced expiratory volume
in  one  second  (FEV1)  of  36±12%  predicted  and  13  age  and  gender-matched  non-COPD  subjects  (NC).  COPD  patients  also
underwent cardiopulmonary exercise testing with gas exchange detection (CPET). Furthermore, serum high sensitive C-reactive
protein (hsCRP), a marker of systemic inflammation, was also measured.

Results:

The maximal work rate (WRmax) and aerobic capacity (VO2peak) were significantly reduced (WRmax: 77±33 Watt, VO2peak:
50±14 %pred) in COPD. Pulmonary arterial systolic pressure (PAPs) was higher in COPD versus controls both at rest (39±5 vs. 31±2
mmHg, p<0.001), and at peak exercise (72±12 vs. 52±8 mmHg, p<0.001). In 19 (70%) COPD patients, the increase in PAPs was
above 22 mmHg. The change in  pressure  (dPAPs)  correlated with hsCRP (r2=0.53,  p<0.0001)  and forced vital  capacity  (FVC)
(r2=0.18, p<0.001).

Conclusion:

PAPs at rest and during exercise were significantly higher in COPD patients and correlated with higher hsCRP. This may indicate a
role for systemic inflammation and hyperinflation in the pulmonary vasculature in COPD.

The study was registered at ClinicalTrials.gov webpage with NCT00949195 registration number.

Keywords: Chronic obstructive pulmonary disease, Exercise, HS-CRP, Pulmonary hypertension, Systemic inflammation.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) seems to be not only a functional disorder of the lungs, but it may
have systemic effects as well [1]. Extrapulmonary  manifestations  have  been  described in  skeletal  muscles,  bones
 and  the  cardiovascular system  [2].  It  is postulated  that  low  intensity  chronic inflammation may result in oxidative
stress and endothelial dysfunction, ischemic heart disease or stroke [3, 4].
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The level of high sensitive C-reactive protein (hsCRP) may be a marker for systemic inflammation [5]. Higher value
of hsCRP has been identified in chronic heart failure and cardiovascular disease [6]. Pulmonary hypertension (PH), a
common finding in COPD, has a major impact on the quality of life and survival [7 - 9]. Arterial PH was associated
with elevated serum level of CRP, IL-6, TNF and correlation was observed between C-reactive protein and endothelin-1
levels, showing the potential  role of systemic  inflammation in  the pathogenesis  of pulmonary  hypertension in COPD
[8, 10, 11].

The pathogenesis of PH in COPD is complex. Alveolar hypoxia results in pulmonary arterial vasoconstriction in
order to provide optimal alveolar ventilation-perfusion ratio [7, 12]. Hypoxia may have both a direct and indirect effect
on pulmonary vasculature (through transmitters and biogen amines) [8, 12]. Pulmonary hypertension is present in a
substantial part of COPD patients (and is found in up to 50% according to diagnostic modalities). Otherwise, severe
pulmonary hypertension is manifested only in 5% of these patients [13 - 16]. However, pulmonary pressure can increase
significantly during exercise [17 - 19], which may have consequences in assessment of exercise capacity. Pulmonary
pressure increment in an age-dependent way is presented in healthy subjects, otherwise higher increment in COPD may
result higher load on circulation, heart and reduction of exercise tolerance.

We wished to determine whether the increment in PAPs during exercise was related to systemic inflammation in
COPD as assessed by monitoring high sensitive CRP. Furthermore, we sought to clarify the correlation between PAPs
increment during exercise and exercise physiologic variables. Since there is limited data in the literature on pulmonary
arterial  pressure  response  during  exercise  in  healthy  subjects,  in  this  study,  the  change  in  pulmonary  arterial  peak
systolic pressure (PAPs) during exercise in an age and gender-matched non-COPD subject group was also investigated.

MATERIAL AND METHODS

Study Subjects

Twenty-seven stable patients with COPD according to the GOLD criteria and a control group of thirteen age and
gender-matched non-COPD subjects participated in the study (Table 1). The severity of airway obstruction ranged from
severe to very severe in the COPD group [20]. COPD therapy with maximal bronchodilator effect was based on lung
function related GOLD stages. Subjects were screened for hypertension, smoking history, hyperlipidemia and diabetes
mellitus.  Control  subjects  as  an  age-matched  population  had  representative  co-morbidities.  Significant  airway
obstruction or reduction in diffusion capacity was not detected in the non-COPD group. 38 patients with COPD were
initially  screened,  however  eleven  were  excluded  because  the  semi-supine  echocardiography  test  could  not  be
performed, and the tricuspid jet could not be visualized at peak exercise (Fig. 1). The study was approved by the Ethical
Committee of University of Szeged and the patients gave written consent to their participation.

Fig. (1). Flow of participants through each study stage.
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Pulmonary Function and Exercise Testing

Patients performed a series of pulmonary function tests (PFT) (Vmax 229 and Autobox 6200, Sensormedics, Yorba
Linda, California) including spirometry, body plethysmography and diffusion capacity measurement [20, 21]. Normal
values were those of NHANES III standards [21]. Patients inhaled 400μg of salbutamol via a spacer 20 minutes before
testing.

Table 1. Demographics in patients with COPD and in healthy subjects (n=40).

  COPD patients n=27 Non-COPD subjects n=13   p-value
Age (years), mean±SD 58±10 63±5 ns
Male sex(n) 15 (56%) 6 (46%) ns
Height (cm), mean±SD 167±10 170±10 ns
BMI (kg/m2), mean±SD 24±5 26±3 ns
Diabetes
n (%)

5 (19) 1 (8) <0.001

Hypertension
n (%)

14 (52) 5 (38) <0.05

Smoking history (pack-year), mean±SD 33±12 12±8 <0.05
Hyperlipidemia n (%) 5 (19) 2 (15)  ns
Mean±SD, BMI=body mass index; SD=standard deviation

Immediately following the completion of PFTs, an incremental exercise test was performed on an electronically
braked cycle ergometer (Ergoline-900, Marquette). After a 3-minute rest and a 3-minute constant pedalling at 20W, the
work rate was increased 5 or 10 W/min in ramp profile. The ramp slope was: FEV1 <1.0Litre – 5W/min, FEV1 >1.0Litre
– 10W/min.  Pedalling rate  was kept  constant  at  approximately 60rpm. Pulmonary ventilation (‘VE),  oxygen uptake
(‘VO2)  and  carbon-dioxide  output  (‘VCO2)  were  measured  breath-by-breath  by  a  mass  flow-sensor  and  exercise
metabolic  measurement  system  (Vmax29c,  SensorMedics).  Lactic  acidosis  threshold  (LAT)  was  identified  by  the
modified  V-slope  method  [22].  Heart  rate,  12-lead  ECG  (Cardiosoft,  SensorMedics)  and  oxygen  saturation  by  a
pulsoximeter (SatTrak, SensorMedics) was monitored. Maximal voluntary ventilation was estimated as 40xFEV1 [23].
Breathlessness and leg fatigue were evaluated at peak exercise by modified Borg scale [24].

Resting and stress Doppler echocardiographic studies

Echocardiographic  studies  were  performed  with  a  commercially  available  echocardiographic  system  (Vivid  7
Expert,  General  Electric  Healthcare).  Resting  cardiac  dimensions  were  obtained  by  parasternal  long-axis  M-mode
echocardiography, according to the American Society of Echocardiography standards [25]. These dimensions included
left ventricular end-diastolic diameter, interventricular septal wall and posterior wall thickness, right ventricular outflow
diastolic diameter, and left ventricular end-systolic diameter. Using the apical 4-chamber view, the M-mode cursor was
placed through the junction of the tricuspid valve plane and right ventricular free wall. Tricuspid annular plane systolic
excursion (TAPSE) was determined by the difference in the displacement of the right ventricular base during systole
and diastole. Each parameter was measured off-line in triplicate and averaged. All images were obtained during held
mid-expiration.

All  patients  and  controls  had  normal  left  ventricular  ejection  fraction  (EF  >  55%)  and  no  echocardiographic
evidence  of  significant  right  ventricular  dysfunction.  In  an  effort  to  diagnose  left  ventricular  diastolic  dysfunction
related heart failure, and secondary pulmonary PH, the E/A was recorded. Patients and the control subjects underwent a
standardized multistage semi-supine bicycle exercise study in the recumbent position. Patients and controls pedalled at
constant speed beginning at a workload of 25 W, with an increment of 25 W every 3 minutes. The protocol included
both a low intensity "warm up" and a "cool-down" phase. Doppler evaluation of the tricuspid valve was performed in
the apical four-chamber view. The tricuspid regurgitant jet was localized in the color mode, and then measured in the
continuous wave mode at a sweep speed of 75 mm/sec. To ensure accurate transducer position throughout the exercise,
the location of the continuous wave Doppler cursor was checked intermittently by two dimensional and colour imaging.
We considered tricuspid insufficiency envelopes to be technically adequate when signals were pansystolic and showed
well-defined borders. The maximum tricuspid insufficiency velocity was assigned to the highest coherent boundary on
the spectral wave form. Maximum velocities recorded at rest, at each stage of exercise permitted the calculation of the
transtricuspid gradient and PAPs. By a modification of the Bernoulli formula, the maximum transtricuspid gradient (in
mmHg) was estimated as the product of 4 and the square of the maximum tricuspid insufficiency velocity [26]. PAPs
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was computed as the sum of the transtricuspid gradient and right atrial pressure (PAPs = 4V2+right atrial pressure) [27].

Table  2.  Lung  function  and  resting  and  exercise  echocardiography  variables  in  patients  with  COPD  and  in  non-COPD
subjects (n=40).

  COPD patients (n=27) Non-COPD subjects (n=13) p-value
Lung function variables      

FEV1 (L) 1.01±0.38 2.84±0.74 <0.001
FEV1 (%pred) 36±12 103±14 <0.001

FVC (L) 2.45±0.71 3.77±0.94 <0.001
FVC (%pred) 73±18 113±20 <0.001

FEV1/FVC (%) 42±11 77±6 <0.001
TLC (%pred) 117±21 104±13 <0.05
VC (%pred) 77±18 114±18 <0.001

IC (L) 1.64±0.48 2.57±0.43 <0.001
FRC (%pred) 164±42 111±18 <0.001
RV (%pred) 199±57 100±18 <0.001
RV/TLC (%) 60±10 37±6 <0.001

DLCO (%pred) 41±15 88±5 <0.001
Transthoracic echocardiographic variables      

LA diameter (mm) 36±3 37±2 ns
% LVEF 65±2 63±2 ns

LVPW thickness (mm) 10.5±0.6 10.8±0.6 ns
LVS thickness (mm) 10.6±0.6 10.8±0.6 ns

LV EDD (mm) 47±3 48±4 ns
LV ESD (mm) 27±4 27±3 ns

TAPSE at rest (mm) 26±5 22±4 ns.
TAPSE at peak (mm) 36±8 32±5 ns.

dPAPs (mmHg) 33±10 20±8 p<0.001
Data are  presented mean±SD; FEV1: forced expiratory volume in  one second;  FVC: forced vital  capacity;  TLC: total  lung capacity;  VC: vital
capacity; IC: inspiratory capacity; FRC: functional residual capacity; RV: residual volume; DLCO: diffusion capacity of carbon monoxide; LA: left
atrium; LVEF: left ventricular ejection fraction; LVPW: left ventricular posterior wall; LVS: left ventricular septum; LVEDD: left ventricular end-
diastolic diameter; LVESD: left ventricular end-systolic diameter, TAPSE: tricusp annular plane systolic excursion; dPAPs: change of pulmonary
arterial systolic pressure during exercise

Right atrial pressure was estimated at rest by the response of the inferior vena cava to deep inspiration and was
assumed to be constant throughout exercise. With the trailing-edge to leading-edge technique, maximum inferior vena
cava diameters before inspiration and minimum diameters after inspiration were measured in the subcostal view within
2 cm of the entrance to the right atrium. When the diameter of the inferior vena cava decreased by less than 50% after
deep inspiration, the right atrial pressure was defined as 15 mmHg, and when the diameter decreased by more than
50%,  the  right  atrial  pressure  was  defined  as  5  mmHg [28].  This  technique,  which  assumes  that  the  estimated  RA
pressure remains constant during exercise, has been validated against simultaneous measurements of pulmonary artery
systolic  pressure  during  incremental  exercise  [29].  TAPSE  was  determined  and  registered  at  peak  exercise.
Measurements  were  recorded  with  simultaneous  electrocardiography.  All  data  were  stored  digitally  and  the
measurements were made off-line at the completion of each study. Echocardiographic studies were performed by an
experienced cardiac sonographer, who had no knowledge of the clinical data.

Inflammation marker determination

Systemic inflammation marker high sensitive CRP was determined from serum with an immunoassay method [30].

Statistical analysis

Groups  were  compared  by  Student’s  t-test  and  chi-square  test  in  case  of  continuous  and  categorical  variables,
respectively. Significance was accepted at p<0.05. Distribution around the mean was expressed ± S.D. Distributions
were tested for normality by Kolmogorov–Smirnov test and significance was accepted if p<0.05. Pearson correlations
with dPAPs (change of systolic pulmonary arterial pressure during exercise) and dPAPs/WR (work rate) (change of
systolic  pulmonary  arterial  pressure  during  exercise  per  equivalent  work  unit)  were  also  evaluated.  An  analysis  of
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covariance  (ANCOVA)  was  used  to  compare  the  dependence  of  some  variables  on  the  dPAPs  in  the  two  groups.
Stepwise linear discrimination analysis was performed to examine the significance of the two groups based on several
variables. In patients with COPD, two groups were separated based on systolic pulmonary arterial pressure increment.
The  cut-off  point  calculation  as  an  abnormal  pulmonary  hemodynamic  response  (dPAPs>22mmHg)  was  based  on
systolic  pulmonary  arterial  pressure  increment  during  exercise  using  an  equation  of  mean  pulmonary  pressure
(mPAP=PAPs x 0.61+2mmHg) [31] and 15 mmHg mPAP elevation during exercise in >50 year-old healthy subjects
was reported by Kovacs G et al. [32].

RESULTS

Demographics of the study subjects are presented in Table 1. Smoking history varied significantly between the two
groups. COPD patients had several co-morbidities, and few subjects in the age-matched control group had hypertension,
diabetes or hyperlipidemia (Table 1).

Lung  function  showed  severe  obstruction  and  hyperinflation  at  baseline  in  our  subjects  with  COPD  (Table  2).
Resting transthoracic echocardiographic variables are presented in (Table 2).

Exercise  physiologic  variables  showed  reduced  peak  work  rate  (54±21%pred)  and  oxygen  uptake
(VO2:50±14%pred,  VO2/kg:60±17%pred)  with  not  high  ventilatory  equivalents  (VE/VO2:36±5,  VE/VCO2:39±7)  in
COPD. However, clinically important desaturation was not detected in COPD (Sat:93±2 vs. 91±4%).

Fig. (2). The increase of peak pulmonary arterial systolic pressure during exercise during semi-supine exercise echocardiography.
PAPs: pulmonary artery systolic pressure; *:p<0.05 peak vs. rest, #:p<0.05 COPD patients vs. non-COPD subjects, @:p<0.05 peak-
rest value difference between groups, error bars represents ±SE.

Systolic pulmonary artery pressure was significantly higher in the COPD group compared to the control subjects at
rest,  and the increase during exercise was significantly different  between the groups,  achieving higher value in the
COPD group (Fig 2). The right ventricular function (TAPSE value) was normal at rest and remained physiologic at
peak exercise in both groups (Table 2). The increment in the pulmonary arterial pressure during exercise correlated with
the systemic inflammation marker hsCRP (Fig 3). In 19 COPD patients, the PAPs increment (dPAPs) was above 22
mmHg, and hsCRP was 11.1±8.8 mg/L compared to the 8 patients with PAPs increment (dPAPs) below 22 mmHg and
lower hsCRP values (1.9±3.2 mg/L). The degree of obstruction (FEV1, FEV1/FVC) was not a predictor for the PAPs
rise  during  exercise  in  the  COPD  group  (Table  3).  In  the  lung  function  variables,  FVC  as  an  indirect  marker  of
hyperinflation correlated with dPAPs in the COPD group (Fig 4).
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Fig.  (3).  Correlation  between increment  of  peak pulmonary  artery  systolic  pressure  during exercise  and systemic  inflammatory
marker  in  patients  with  COPD.  dPAPs:  change  in  PAPs  during  exercise,  hsCRP:  high  sensitive  C-reactive  protein,  r2:  linear
regression correlation coefficient.

DISCUSSION

The pulmonary artery pressure response in a COPD and an age and a gender-matched control group was evaluated
during exercise. The pulmonary artery pressure was significantly higher at rest and increased more in COPD compared
to control age and gender-matched non-COPD subjects. The increase of pulmonary arterial pressure during exercise
correlated with the systemic inflammatory marker hsCRP, and also with FVC in patient with COPD.

Secondary pulmonary hypertension in COPD results from sustained vasoconstriction and structural alterations to the
pulmonary  vascular  bed.  The  major  stimuli  that  are  presumed  responsible  for  these  changes  are  chronic  alveolar
hypoxia, chronic inflammation and excessive shear stress [33]. Systemic or local inflammation may enhance the injury
of acinar structure. Regardless of the stimuli that cause pulmonary hypertension, the structural changes that are thought
to  underlie  the  increased  vascular  resistance  can  be  broadly  classified  into  two processes:  first,  remodelling  of  the
pulmonary resistance vessels and, second, a reduction in the total number of blood vessels in the lungs [33].

The serum CRP levels seem to correlate with the degree of systemic inflammation in COPD. A high level of CRP
can also indicate an increased risk of cardiovascular diseases [34]. The systemic effect on the vasculature in COPD may
also increase atherosclerosis induced stroke [35]. Indeed, the diastolic dysfunction related heart failure with E/A<1 and
higher hsCRP might be partially responsible for the development of PH in our study as well.

In patients with COPD, the concomitant features of hypercholesterolemia, obesity, diabetes mellitus, hypertension,
as a clinical feature of metabolic syndrome (a cause of systemic vascular disease) may also be accompanied by high
CRP  level  [36].  In  our  investigation,  many  patients  (about  50%)  suffered  from  hypertension,  and  many  had  both
hypertension and diabetes.

Pulmonary arterial pressure generally increases with age [32]. In healthy individuals, it is suggested that the normal
mean pulmonary arterial  pressure measured by right  heart  catheterization is  14.0 ± 3.3 mmHg at  rest,  and the age-
dependent (especially > 50 years) increment during exercise may achieve a mean pressure of 30 mmHg [32]. Age-
matched control subjects were involved in our investigation to exclude the age-dependent PH differences between the
COPD  and  the  non-COPD  groups.  In  accordance  with  previous  data  [37].  PAPs  increase  during  exercise  by
echocardiography  was  found  in  healthy  subjects  as  well.

Pulmonary vascular impairment, secondary pulmonary hypertension may partially be responsible for the reduced
oxygen uptake [38], exercise capacity and increased ventilatory equivalent for CO2. Analyzing gas exchange during
cardio-pulmonary exercise test offers potential explanations for exercise limitation [39]. Reduced exercise tolerance
with ventilatory inefficiency according to higher ventilatory equivalent for CO2 was detected in our COPD patients.
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Table 3. Pearson’s correlation between identified study variables and dPASP. dPASP/WR in the COPD group.

* Correlation is significant at the 0.05 level (2-tailed).
FEV1: forced expiratory volume in one second; FVC: forced vital capacity; TLC: total lung capacity; VC: vital capacity; IC: inspiratory capacity;
FRC: functional residual capacity; RV: residual volume; DLCO: diffusion capacity of carbon monoxide; WR: work rate; VO2: oxygen uptake;
VO2/kg: specific aerobic capacity; VCO2: carbon-dioxide output; LAT: lactate anaerobic threshold; VEmax: maximal minute ventilation; VE/VO2:
ventilatory equivalent for O2; VE/VCO2: ventilatory equivalent for CO2; RER: respiratory exchange ratio; TAPSE: tricuspidal annular plane systolic
excursion; LVEF: left ventricular ejection fraction; PAPs: pulmonary artery systolic pressure; hsCRP: high-sensitive C-reactive protein.

  dPAPs dPAPs/WR 

Pearson’s 

Correlation 

Age 0.004 0.359 

BMI 0.268 0.107 

FEV1 (L) -0.290 -0.364 

FEV1ref% -0.072 -0.060 

FVC (L) -0.422(*) -0.425(*) 

FVCref% -0.175 -0.068 

FEV1/FVC (%) -0.010 -0.143 

TLC ref% -0.075 -0.066 

VC ref% -0.075 -0.057 

IC(L) -0.075 -0.242 

FRC (ref%) -0.234 -0.163 

DLCO (mL/mmHg/min) -0.179 -0.396(*) 

Wmax 0.021 -0.343 

VO2 (ref%) 0.084 -0.205 

VO2/kg (mL/kg/min) -0.183 -0.424(*) 

LAT (L/min) -0.164 -0.455(*) 

HR (1/min) 0.372 0.024 

VEmax (L/min) -0.093 -0.310 

VE/VO2 at AT 0.152 0.337 

VE/VCO2 at AT 0.169 0.377 

TAPSErest 0.107 -0.098 

TAPSEpeak 0.191 0.125 

LVEF (%) 0.047 0.135 

PAPsrest 0.192 0.229 

PAPspeak 0.917(**) 0.757(**) 

hsCRP 0.730(**) 0.510(**) 
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Exercise  echocardiography  in  semi-supine  position  can  be  used  to  assess  pulmonary  arterial  systolic  pressure
response  to  exercise  which  helps  in  better  understanding  the  functional  impairment  in  relation  to  dyspnoea  during
exertion.  This  type  of  non-invasive  assessment  of  pulmonary  hemodynamics  is  appropriate  for  early  detection  of
pathologic changes in the pulmonary vasculature [40]. In our study, all pulmonary arterial pressure measurements were
performed by only one experienced observer to eliminate the inter-observer variability.

Nevertheless, our study had limitations. Accurate measurement of pulmonary arterial pressure requires right heart
catheterisation. The measurement of pulmonary arterial systolic pressure by echo-cardiography may be limited during
exercise.  8  of  38  patients  with  COPD could  not  perform the  semi-supine  position  exercise  test,  and PAPs was  not
detectable in 3 of them. The evaluation of PAPs value by echocardiography in special cases might be higher during
exercise compared to direct PAPs measurement by right heart catheterisation [41]. Moreover, echocardiography results
in  false-positive  detection  of  pulmonary  hypertension  in  up  to  50%  of  COPD  patients  [42].  Correlation  analyses
between hsCRP, FVC and dPAPs could show potential associations but by no means do reflect causality.

The theory of systemic inflammation might be only one component related to elevated pulmonary arterial pressure
during  exercise  in  our  patients  with  COPD.  PH manifested  due  to  COPD and/or  hypoxia:  the  pathobiological  and
pathophysiological mechanisms involved in this setting are multiple and include hypoxic vasoconstriction, mechanical
stress of hyperinflated lungs, loss of capillaries, inflammation, and toxic effects of cigarette smoke. Moreover, there are
data supporting an endothelium-derived vasoconstrictor-vasodilator imbalance [43]. As hypertension was quite frequent
in both groups (52% and 38%), thereby left ventricular diastolic dysfunction might have contributed to PAPs elevation
during exercise. Hyperinflation might have also during exercise been involved in the increase of PAPs as there was a
negative correlation between numeric value of FVC and dPAPs.

Fig.  (4).  Correlation between increment of peak pulmonary artery systolic pressure during exercise and forced vital  capacity in
patients with COPD. dPAPs: change in PAPs during exercise, FVC: forced vital capacity, r2: linear regression correlation coefficient.

In summary, the pulmonary arterial pressure was higher at rest and increased significantly more during exercise in
COPD patients compared to non-COPD control subjects. The rate of pulmonary arterial pressure increment partially
correlated with the systemic inflammatory marker hsCRP. The increase in pulmonary arterial systolic pressure during
exercise may in part be related to systemic inflammation. In case of high PA pressures during exercise, in order to
maintain stroke volume the work of the right ventricle is disproportionally increased. Hemodynamic exercise testing
with Doppler echocardiography may contribute to our better understanding of the exercise limitations in COPD and
help define a more appropriate training program for the rehabilitation of patients with COPD.

LIST OF ABBREVIATIONS

ANCOVA = Analysis of covariance
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CO2 = Carbon-dioxide

COPD = Chronic obstructive pulmonary disease

CPET = Cardio-pulmonary exercise test

DLCO = Diffusion capacity for carbon monoxide

dPAPs = Change of systolic pulmonary arterial pressure during exercise

ECG = Electrocardiogram

EF = Ejection fraction

FEV1 = Forced expiratory volume in one second

FVC = Forced vital capacity

hsCRP = High sensitive C-reactive protein

LAT = Lactate anaerobic threshold

NHANES III = Third National Health and Nutrition Examination Survey

PA = Pulmonary artery

PAPs = Pulmonary arterial systolic pressure

PFT = Pulmonary function test

PH = Pulmonary hypertension

RA = Right atria

S.D. = Standard deviation

TAPSE = Tricuspid annular plane systolic excursion

V = Velocity

‘VE = Pulmonary ventilation

‘VCO2 = Carbon-dioxide output

‘VO2 = Oxygen uptake

VO2/kg = Specific aerob capacity

WR = Work rate

CONFLICT OF INTEREST

The authors confirm that this article content has no conflict of interest.

ACKNOWLEDGEMENTS

This  study was  supported  by  funds  available  to  the  Department  of  Pulmonology,  University  of  Szeged,  Deszk,
Hungary, and Department of Internal Medicine, Elisabeth Hospital, Hodmezovasarhely, Hungary.

The authors thank Prof. Sean Gaine, MD, PhD, Mater Misericordiae University Hospital, Dublin, Ireland for the
meaningful  suggestions  and  help  to  interpret  the  data  of  this  study.  The  authors  also  thank  Regina  Palfoldi  MD,
Department of Pulmonology, University of Szeged to collect COPD patients for the study, Tunde Oravecz and Eva
Asztalos to perform the lung function tests for the patients.

REFERENCES

[1] Barnes PJ, Celli BR. Systemic manifestations and comorbidities of COPD. Eur Respir J 2009; 33(5): 1165-85.
[http://dx.doi.org/10.1183/09031936.00128008] [PMID: 19407051]

[2] Decramer M, Rennard S, Troosters T, et al. COPD as a lung disease with systemic consequences clinical impact, mechanisms, and potential
for early intervention. COPD 2008; 5(4): 235-56.
[http://dx.doi.org/10.1080/15412550802237531] [PMID: 18671149]

[3] Eickhoff P, Valipour A, Kiss D, et al. Determinants of systemic vascular function in patients with stable chronic obstructive pulmonary
disease. Am J Respir Crit Care Med 2008; 178(12): 1211-8.
[http://dx.doi.org/10.1164/rccm.200709-1412OC] [PMID: 18836149]

[4] Brekke PH, Omland T, Holmedal SH, Smith P, Søyseth V. Troponin T elevation and long-term mortality after chronic obstructive pulmonary
disease exacerbation. Eur Respir J 2008; 31(3): 563-70.
[http://dx.doi.org/10.1183/09031936.00015807] [PMID: 18032444]

[5] Man SF, Xing L, Connett JE, et al. Circulating fibronectin to C-reactive protein ratio and mortality: a biomarker in COPD? Eur Respir J 2008;
32(6): 1451-7.

http://dx.doi.org/10.1183/09031936.00128008
http://www.ncbi.nlm.nih.gov/pubmed/19407051
http://dx.doi.org/10.1080/15412550802237531
http://www.ncbi.nlm.nih.gov/pubmed/18671149
http://dx.doi.org/10.1164/rccm.200709-1412OC
http://www.ncbi.nlm.nih.gov/pubmed/18836149
http://dx.doi.org/10.1183/09031936.00015807
http://www.ncbi.nlm.nih.gov/pubmed/18032444


10   The Open Respiratory Medicine Journal, 2016, Volume 10 Varga et al.

[http://dx.doi.org/10.1183/09031936.00153207] [PMID: 18799503]

[6] Falk JA, Kadiev S, Criner GJ, Scharf SM, Minai OA, Diaz P. Cardiac disease in chronic obstructive pulmonary disease. Proc Am Thorac Soc
2008; 5(4): 543-8.
[http://dx.doi.org/10.1513/pats.200708-142ET] [PMID: 18453369]

[7] Chaouat A, Naeije R, Weitzenblum E. Pulmonary hypertension in COPD. Eur Respir J 2008; 32(5): 1371-85.
[http://dx.doi.org/10.1183/09031936.00015608] [PMID: 18978137]

[8] Joppa P,  Petrasova D, Stancak B, Tkacova R. Systemic inflammation in patients with COPD and pulmonary hypertension.  Chest  2006;
130(2): 326-33.
[http://dx.doi.org/10.1378/chest.130.2.326] [PMID: 16899829]

[9] Price LC, Wort SJ, Perros F, et al. Inflammation in pulmonary arterial hypertension. Chest 2012; 141(1): 210-21.
[http://dx.doi.org/10.1378/chest.11-0793] [PMID: 22215829]

[10] Chaouat A, Savale L, Chouaid C, et al. Role for interleukin-6 in COPD-related pulmonary hypertension. Chest 2009; 136(3): 678-87.
[http://dx.doi.org/10.1378/chest.08-2420] [PMID: 19349390]

[11] Kwon YS, Chi SY, Shin HJ, et al. Plasma C-reactive protein and endothelin-1 level in patients with chronic obstructive pulmonary disease
and pulmonary hypertension. J Korean Med Sci 2010; 25(10): 1487-91.
[http://dx.doi.org/10.3346/jkms.2010.25.10.1487] [PMID: 20890431]

[12] Andersen CU, Mellemkjær S, Nielsen-Kudsk JE, Bendstrup E, Hilberg O, Simonsen U. Pulmonary hypertension in chronic obstructive and
interstitial lung diseases. Int J Cardiol 2013; 168(3): 1795-804.
[http://dx.doi.org/10.1016/j.ijcard.2013.06.033] [PMID: 23849967]

[13] Burger CD. Pulmonary hypertension in COPD: a review and consideration of the role of arterial vasodilators. COPD 2009; 6(2): 137-44.
[http://dx.doi.org/10.1080/15412550902754252] [PMID: 19378227]

[14] Chaouat A, Naeije R, Weitzenblum E. Pulmonary hypertension in COPD. Eur Respir J 2008; 32(5): 1371-85.
[http://dx.doi.org/10.1183/09031936.00015608] [PMID: 18978137]

[15] Solidoro P, Boffini M, Lacedonia D, Scichilone N, Paciocco G, Di Marco F. Pulmonary hypertension in COPD and lung transplantation:
timing and procedures. Minerva Med 2014.
[PMID: 24619018]

[16] Cuttica MJ, Kalhan R, Shlobin OA, et al. Categorization and impact of pulmonary hypertension in patients with advanced COPD. Respir Med
2010; 104(12): 1877-82.
[http://dx.doi.org/10.1016/j.rmed.2010.05.009] [PMID: 20547449]

[17] Hanaoka M, Ideura G, Ito M, et al. Pulmonary haemodynamic changes in patients with severe COPD. Respirology 2008; 13(6): 919-22.
[http://dx.doi.org/10.1111/j.1440-1843.2008.01318.x] [PMID: 18657066]

[18] Naeije R, Boerrigter BG. Pulmonary hypertension at exercise in COPD: does it matter? Eur Respir J 2013; 41(5): 1002-4.
[http://dx.doi.org/10.1183/09031936.00173512] [PMID: 23633606]

[19] Lewis GD, Bossone E, Naeije R, et al. Pulmonary vascular hemodynamic response to exercise in cardiopulmonary diseases. Circulation 2013;
128(13): 1470-9.
[http://dx.doi.org/10.1161/CIRCULATIONAHA.112.000667] [PMID: 24060943]

[20] Pellegrino R, Viegi G, Brusasco V, et al. Interpretative strategies for lung function tests. Eur Respir J 2005; 26(5): 948-68.
[http://dx.doi.org/10.1183/09031936.05.00035205] [PMID: 16264058]

[21] Cotes JE, Chinn DJ, Quanjer PH, Roca J, Yernault JC. Standardization of the measurement of transfer factor (diffusing capacity). Eur Respir J
1993; 6(Suppl. 16): 41-52.
[http://dx.doi.org/10.1183/09041950.041s1693] [PMID: 24576916]

[22] Sue DY, Wasserman K, Moricca RB, Casaburi R. Metabolic acidosis during exercise in patients with chronic obstructive pulmonary disease.
Use of the V-slope method for anaerobic threshold determination. Chest 1988; 94(5): 931-8.
[http://dx.doi.org/10.1378/chest.94.5.931] [PMID: 3180897]

[23] Campbell SC. A comparison of the maximum voluntary ventilation with the forced expiratory volume in one second: an assessment of subject
cooperation. J Occup Med 1982; 24(7): 531-3.
[PMID: 7119913]

[24] Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports Exerc 1982; 14(5): 377-81.
[http://dx.doi.org/10.1249/00005768-198205000-00012] [PMID: 7154893]

[25] Sahn DJ, DeMaria A, Kisslo J, Weyman A. Recommendations regarding quantitation in M-mode echocardiography: results of a survey of
echocardiographic measurements. Circulation 1978; 58(6): 1072-83.
[http://dx.doi.org/10.1161/01.CIR.58.6.1072] [PMID: 709763]

[26] Hatle L, Angelsen B. Doppler ultrasound in cardiology: Physical principles and clinical applications. 2nd ed. Philadelphia: Lea and Febiger
1985; p. 23.

[27] Yock  PG,  Popp  RL.  Noninvasive  estimation  of  right  ventricular  systolic  pressure  by  Doppler  ultrasound  in  patients  with  tricuspid
regurgitation. Circulation 1984; 70(4): 657-62.

http://dx.doi.org/10.1183/09031936.00153207
http://www.ncbi.nlm.nih.gov/pubmed/18799503
http://dx.doi.org/10.1513/pats.200708-142ET
http://www.ncbi.nlm.nih.gov/pubmed/18453369
http://dx.doi.org/10.1183/09031936.00015608
http://www.ncbi.nlm.nih.gov/pubmed/18978137
http://dx.doi.org/10.1378/chest.130.2.326
http://www.ncbi.nlm.nih.gov/pubmed/16899829
http://dx.doi.org/10.1378/chest.11-0793
http://www.ncbi.nlm.nih.gov/pubmed/22215829
http://dx.doi.org/10.1378/chest.08-2420
http://www.ncbi.nlm.nih.gov/pubmed/19349390
http://dx.doi.org/10.3346/jkms.2010.25.10.1487
http://www.ncbi.nlm.nih.gov/pubmed/20890431
http://dx.doi.org/10.1016/j.ijcard.2013.06.033
http://www.ncbi.nlm.nih.gov/pubmed/23849967
http://dx.doi.org/10.1080/15412550902754252
http://www.ncbi.nlm.nih.gov/pubmed/19378227
http://dx.doi.org/10.1183/09031936.00015608
http://www.ncbi.nlm.nih.gov/pubmed/18978137
http://www.ncbi.nlm.nih.gov/pubmed/24619018
http://dx.doi.org/10.1016/j.rmed.2010.05.009
http://www.ncbi.nlm.nih.gov/pubmed/20547449
http://dx.doi.org/10.1111/j.1440-1843.2008.01318.x
http://www.ncbi.nlm.nih.gov/pubmed/18657066
http://dx.doi.org/10.1183/09031936.00173512
http://www.ncbi.nlm.nih.gov/pubmed/23633606
http://dx.doi.org/10.1161/CIRCULATIONAHA.112.000667
http://www.ncbi.nlm.nih.gov/pubmed/24060943
http://dx.doi.org/10.1183/09031936.05.00035205
http://www.ncbi.nlm.nih.gov/pubmed/16264058
http://dx.doi.org/10.1183/09041950.041s1693
http://www.ncbi.nlm.nih.gov/pubmed/24576916
http://dx.doi.org/10.1378/chest.94.5.931
http://www.ncbi.nlm.nih.gov/pubmed/3180897
http://www.ncbi.nlm.nih.gov/pubmed/7119913
http://dx.doi.org/10.1249/00005768-198205000-00012
http://www.ncbi.nlm.nih.gov/pubmed/7154893
http://dx.doi.org/10.1161/01.CIR.58.6.1072
http://www.ncbi.nlm.nih.gov/pubmed/709763


Pulmonary Arterial Pressure and Exercise The Open Respiratory Medicine Journal, 2016, Volume 10   11

[http://dx.doi.org/10.1161/01.CIR.70.4.657] [PMID: 6478568]

[28] Simonson JS, Schiller NB. Sonospirometry: a new method for noninvasive estimation of mean right atrial pressure based on two-dimensional
echographic measurements of the inferior vena cava during measured inspiration. J Am Coll Cardiol 1988; 11(3): 557-64.
[http://dx.doi.org/10.1016/0735-1097(88)91531-8] [PMID: 3343458]

[29] Currie  PJ,  Seward  JB,  Chan  KL,  et  al.  Continuous  wave  Doppler  determination  of  right  ventricular  pressure:  a  simultaneous  Doppler-
catheterization study in 127 patients. J Am Coll Cardiol 1985; 6(4): 750-6.
[http://dx.doi.org/10.1016/S0735-1097(85)80477-0] [PMID: 4031289]

[30] Kimberly MM, Vesper HW, Caudill SP, et al. Standardization of immunoassays for measurement of high-sensitivity C-reactive protein. Phase
I: evaluation of secondary reference materials. Clin Chem 2003; 49(4): 611-6.
[http://dx.doi.org/10.1373/49.4.611] [PMID: 12651814]

[31] Pyxaras SA, Pinamonti B, Barbati G, et al. Echocardiographic evaluation of systolic and mean pulmonary artery pressure in the follow-up of
patients with pulmonary hypertension. Eur J Echocardiogr 2011; 12(9): 696-701.
[http://dx.doi.org/10.1093/ejechocard/jer127] [PMID: 21821609]

[32] Kovacs G, Berghold A, Scheidl S, Olschewski H. Pulmonary arterial pressure during rest and exercise in healthy subjects: a systematic
review. Eur Respir J 2009; 34(4): 888-94.
[http://dx.doi.org/10.1183/09031936.00145608] [PMID: 19324955]

[33] Hopkins N, McLoughlin P. The structural basis of pulmonary hypertension in chronic lung disease: remodelling, rarefaction or angiogenesis?
J Anat 2002; 201(4): 335-48.
[http://dx.doi.org/10.1046/j.1469-7580.2002.00096.x] [PMID: 12430958]

[34] Cao JJ, Arnold AM, Manolio TA, et al. Association of carotid artery intima-media thickness, plaques, and C-reactive protein with future
cardiovascular disease and all-cause mortality: the Cardiovascular Health Study. Circulation 2007; 116(1): 32-8.
[http://dx.doi.org/10.1161/CIRCULATIONAHA.106.645606] [PMID: 17576871]

[35] Zacho J,  Tybjaerg-Hansen A,  Jensen JS,  Grande P,  Sillesen H,  Nordestgaard BG. Genetically  elevated C-reactive protein and ischemic
vascular disease. N Engl J Med 2008; 359(18): 1897-908.
[http://dx.doi.org/10.1056/NEJMoa0707402] [PMID: 18971492]

[36] Robbins IM, Newman JH, Johnson RF, et al. Association of the metabolic syndrome with pulmonary venous hypertension. Chest 2009;
136(1): 31-6.
[http://dx.doi.org/10.1378/chest.08-2008] [PMID: 19188551]

[37] Lam CS, Borlaug BA, Kane GC, Enders FT, Rodeheffer RJ, Redfield MM. Age-associated increases in pulmonary artery systolic pressure in
the general population. Circulation 2009; 119(20): 2663-70.
[http://dx.doi.org/10.1161/CIRCULATIONAHA.108.838698] [PMID: 19433755]

[38] Skjørten  I,  Hilde  JM,  Melsom  MN,  Hansteen  V,  Steine  K,  Humerfelt  S.  Pulmonary  artery  pressure  and  PaO2  in  chronic  obstructive
pulmonary disease. Respir Med 2013; 107(8): 1271-9.
[http://dx.doi.org/10.1016/j.rmed.2013.03.021] [PMID: 23768734]

[39] Gläser S, Noga O, Koch B, et al.  Impact of pulmonary hypertension on gas exchange and exercise capacity in patients with pulmonary
fibrosis. Respir Med 2009; 103(2): 317-24.
[http://dx.doi.org/10.1016/j.rmed.2008.08.005] [PMID: 18804360]

[40] Ammash NM, McGoon MD, Shub C, et al. Exercise-echocardiography derived pulmonary artery pressure slope in borderline and mild to
moderate pulmonary arterial hypertension. Clin Med Cardiol 2008; 2: 235-44.

[41] Lopes  LR,  Loureiro  MJ,  Miranda  R,  et  al.  The  usefulness  of  contrast  during  exercise  echocardiography  for  the  assessment  of  systolic
pulmonary pressure. Cardiovasc Ultrasound 2008; 6(6): 51.
[http://dx.doi.org/10.1186/1476-7120-6-51] [PMID: 18851729]

[42] Janda S, Shahidi N, Gin K, Swiston J. Diagnostic accuracy of echocardiography for pulmonary hypertension: a systematic review and meta-
analysis. Heart 2011; 97(8): 612-22.
[http://dx.doi.org/10.1136/hrt.2010.212084] [PMID: 21357375]

[43] Peinado VI, Santos S, Ramírez J, Roca J, Rodriguez-Roisin R, Barberà JA. Response to hypoxia of pulmonary arteries in chronic obstructive
pulmonary disease: an in vitro study. Eur Respir J 2002; 20(2): 332-8.
[http://dx.doi.org/10.1183/09031936.02.00282002] [PMID: 12212964]

Received: June 25, 2015 Revised: October 20, 2015 Accepted: October 21, 2015

© Varga et al.; Licensee Bentham Open.

This is an open access article licensed under the terms of the Creative Commons Attribution-Non-Commercial 4.0 International Public License (CC
BY-NC  4.0)  (https://creativecommons.org/licenses/by-nc/4.0/legalcode),  which  permits  unrestricted,  non-commercial  use,  distribution  and
reproduction  in  any  medium,  provided  the  work  is  properly  cited.

http://dx.doi.org/10.1161/01.CIR.70.4.657
http://www.ncbi.nlm.nih.gov/pubmed/6478568
http://dx.doi.org/10.1016/0735-1097(88)91531-8
http://www.ncbi.nlm.nih.gov/pubmed/3343458
http://dx.doi.org/10.1016/S0735-1097(85)80477-0
http://www.ncbi.nlm.nih.gov/pubmed/4031289
http://dx.doi.org/10.1373/49.4.611
http://www.ncbi.nlm.nih.gov/pubmed/12651814
http://dx.doi.org/10.1093/ejechocard/jer127
http://www.ncbi.nlm.nih.gov/pubmed/21821609
http://dx.doi.org/10.1183/09031936.00145608
http://www.ncbi.nlm.nih.gov/pubmed/19324955
http://dx.doi.org/10.1046/j.1469-7580.2002.00096.x
http://www.ncbi.nlm.nih.gov/pubmed/12430958
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.645606
http://www.ncbi.nlm.nih.gov/pubmed/17576871
http://dx.doi.org/10.1056/NEJMoa0707402
http://www.ncbi.nlm.nih.gov/pubmed/18971492
http://dx.doi.org/10.1378/chest.08-2008
http://www.ncbi.nlm.nih.gov/pubmed/19188551
http://dx.doi.org/10.1161/CIRCULATIONAHA.108.838698
http://www.ncbi.nlm.nih.gov/pubmed/19433755
http://dx.doi.org/10.1016/j.rmed.2013.03.021
http://www.ncbi.nlm.nih.gov/pubmed/23768734
http://dx.doi.org/10.1016/j.rmed.2008.08.005
http://www.ncbi.nlm.nih.gov/pubmed/18804360
http://dx.doi.org/10.1186/1476-7120-6-51
http://www.ncbi.nlm.nih.gov/pubmed/18851729
http://dx.doi.org/10.1136/hrt.2010.212084
http://www.ncbi.nlm.nih.gov/pubmed/21357375
http://dx.doi.org/10.1183/09031936.02.00282002
http://www.ncbi.nlm.nih.gov/pubmed/12212964
https://creativecommons.org/licenses/by-nc/4.0/legalcode

	Pulmonary Arterial Pressure Response During Exercise in COPD: A Correlation with C-Reactive Protein (hsCRP) 
	[Background: ]
	Background: 
	Methods: 
	Results: 
	Conclusion:

	INTRODUCTION
	MATERIAL AND METHODS
	Study Subjects
	Pulmonary Function and Exercise Testing
	Resting and stress Doppler echocardiographic studies
	Inflammation marker determination
	Statistical analysis

	RESULTS
	DISCUSSION
	LIST OF ABBREVIATIONS
	CONFLICT OF INTEREST
	ACKNOWLEDGMENTS
	REFERENCES




