
TUESDAY, SEPTEMBER 21ST 2010

359. Peripheral and respiratory muscles oxygen
transport during exercise

3827
Effect of acute hypoxia on respiratory muscle fatigue in healthy humans
Samuel Verges, Damien Bachasson, Bernard Wuyam. HP2 Laboratory, Exercise
Research Unit, Joseph Fourier University, University Hospital, Grenoble, France

Greater diaphragm fatigue has been reported after hypoxic versus normoxic ex-
ercise, but whether this is due to increased ventilation and work of breathing
or reduced blood oxygenation per se remains unclear. We assessed the effect
of different blood oxygenation level on isolated hyperpnoea-induced inspiratory
and expiratory muscle fatigue. Twelve healthy males performed three 15-min
isocapnic hyperpnoea tests (85% MVV) in normoxic, hypoxic (SpO2=80%) and
hyperoxic (FiO2=60%) conditions, in a random order. Before, immediately after
and 30 min after hyperpnoea, transdiaphragmatic pressure (Pdi,tw) was measured
during cervical magnetic stimulation to assess diaphragm contractility, and gastric
pressure (Pga,tw) was measured during thoracic magnetic stimulation to assess
abdominal muscle contractility. Hypoxia enhanced hyperpnoea-induced Pdi,tw and
Pga,tw reductions both immediately after hyperpnoea (Pdi,tw: normoxia -22±7% vs
hypoxia -34±8% vs hyperoxia -21±8%, P<0.001; Pga,tw: -17±7% vs -26±10%
vs -16±11%, P=0.005) and after 30 min of recovery (Pdi,tw: -10±7% vs -16±8%
vs -8±7%, P=0.045; Pga,tw: -13±6% vs -21±9% vs -12±12%, P=0.033). No
significant difference in Pdi,tw or Pga,tw reductions was observed between normoxic
and hyperoxic conditions. Also, heart rate and blood lactate concentration during
hyperpnoea were higher in hypoxia compared to normoxia and hyperoxia. These
results demonstrate that hypoxia exacerbates both diaphragm and abdominal mus-
cle fatigability. These results emphasize the potential role of respiratory muscle
fatigue in exercise performance limitation under conditions coupling increased
work of breathing and reduced O2 transport as during exercise in altitude or in
hypoxemic patients.

3828
Altered skeletal muscle oxygenation during exercise in COPD
Bram van den Borst, Annemie M.W.J. Schols, Geertjan Wesseling, Valery
A.C.V. Hellwig, Harry R. Gosker. Department of Respiratory Medicine,
Maastricht University Medical Center, Netherlands

COPD is associated with a loss of skeletal muscle oxidative phenotype (OX-
PHEN). We previously showed a blunted exercise-induced muscle peroxisome
proliferator-activated receptor-γ co-activator 1α mRNA expression indicative of
impaired OXPHEN upregulation by exercise. We hypothesized this may be due
to an impaired muscle oxygenation response. Therefore, quadriceps muscle oxy-
genation during exercise was compared between 11 arterially desaturating pa-
tients (COPDD; FEV1 56±6%), 9 non-desaturating patients (COPDND; FEV1

52±5%) and 11 matched healthy controls (FEV1 116±5%). Using near-infrared
spectroscopy muscle SO2 was measured during an incremental ergometer test
and τSO2 from recovery. The drop in muscle SO2 was less marked in COPD (-
7.4±1%) as compared to controls (-13±3.1%), especially in COPDND (-5.1±1.2%,
p=0.04). Adjusting for total work, the fall in muscle SO2 was larger in COPDD (-
0.69±0.17%/kJ, p=0.01) as compared to COPDND (-0.24±0.04%/kJ) and controls
(-0.23±0.08%/kJ). Moreover, muscle reoxygenation (τSO2) tended to be slower
in COPDD (33.2±5.8s, p=0.06) as compared to COPDND (23.4±3.4s) and healthy
controls (19±2.8s).
Conclusion: While muscle desaturation during exercise is less severe in COPDND
than in healthy subjects, a more pronounced drop relative to total work is observed

in COPDD. Slower reoxygenation has been associated with impaired oxidative
phenotype. Pre- and post-exercise muscle biopsies are currently being analyzed
to investigate OXPHEN regulatory markers in relation to differential patterns of
muscle desaturation and reoxygenation between the groups.
This study was performed within the framework of Top Institute Pharma project
TI-201 and supported by Netherlands Asthma Foundation award 3205038.

3829
Kinetic parameters of muscle O2 extraction at the onset of exercise to assess
blood flow to O2 uptake mismatch in disease populations
J. Alberto Neder1, Priscila Barbosa1, Daniela Bravo1, Luiz Nery1,
Leonardo Ferreira1,2 . 1Department of Medicine, Federal University of Sao Paulo,
Brazil; 2Department of Physiology, University of Kentucky, Lexington, Kentucky,
United States

The dynamic interaction between muscle blood flow (Q’m) and oxygen uptake
(V’O2m) determines the response profile of the arterial-venous O2 content differ-
ence (a-v)O2 at the onset of exercise. In this context, we previously demonstrated
that sluggish kinetics of Q’m relative to V’O2m are associated with an “overshoot”
(OS) in the (a-v)O2 response (as estimated by near-infrared spectroscopy) in
patients with chronic obstructive pulmonary disease (Chiappa GR et al. AJRCCM,
2008) and heart failure (Sperandio PA et al. Am J Physiol Heart Circ, 2009). In the
present study, a computer model was developed to determine whether this pattern
of response might be useful to quantitatively assess the slowness of Q’m relative
to V’O2m. Exponential equations describing Q’m, V’O2m, and (a-v)O2 (assuming
a constant CaO2) were used in the simulations. As intended, an OS in (a-v)O2
response was evident whenever Q’m adapted at a slower rate than V’O2m. In the
absence of OS, the parameters of (a-v)O2 kinetics were inversely related to MRT-
Q’m. There were, however, no significant relationships between the kinetics of
the “upward” component of the OS and the rate of change in Qm (p>0.05). On
the other hand, the area under the OS, either corrected or not for the amplitude
of the (a-v)O2, and the kinetics (time constant) of the “downward” component
were significantly related to the slowness of Qm (R2= 0.97 and 0.72, respectively;
p<0.001). These data, therefore, provide a novel framework for a quantitative
interpretation of the impairment in the dynamics of Qm relative to V’O2m at the
onset of exercise in disease populations.
Supported by: FAPESP and CAPES (Brazil).

3830
Kinetics of skeletal muscle oxygenation after the onset of high-intensity
exercise are impaired in women with pulmonary arterial hypertension
Priscila Barbosa, Eloara Ferreira, Jaquelina Arakaki, Juliana Oliveira,
Luciana Takara, Rubia Nascimento, Thulio Cunha, Luis Eduardo Nery, J. Alberto
Neder. Departament of Medicine, Federal University of São Paulo, Brazil

Impaired muscle blood flow at the onset of heavy intensity exercise may transiently
reduce microvascular O2 pressure to levels sufficiently low to reduce the rate of
O2 transfer from capillary to mitochondria in patients with pulmonary arterial
hypertension (PAH). We therefore assessed the simultaneous rate of change of
pulmonary O2 uptake (V’O2), fractional O2 extraction in the vastus lateralis
(��[deoxy-Hb/Mb] by near infrared spectroscopy), and heart rate (HR) during
high-intensity exercise in 14 females with PAH (NYHA II and III) and 11 age- and
gender-matched sedentary controls. Patients showed slower V’O2 and HR dynam-
ics compared to controls (MRT-VO2 = 82.3±13.4 s vs. 54.1±17.2 s and t1/2-HR =
61.3±16.6 s vs. 43.4±8.8 s, respectively; p<0.01). Although the early dynamics
of �[deoxy-Hb/Mb] did not differ between groups, a subsequent “overshoot” in
�[deoxy-Hb/Mb] was found more frequently in the PAH (8/14 patients vs. 4/11
controls). The area under the “overshoot”, an index of impaired O2 delivery-to-
utilization, was also significantly larger in patients (363 (229-1252) a.u. vs. 60
(26-165) a.u.; p<0.01). Consistent with these data, the kinetics of the downward
component of the “overshoot” was slower in PAH than controls (τ = 19.6 (3.0
– 39.3) s vs. 4.7 (4.2 – 7.3) s, respectively; p<0,05). We conclude that impaired
microvascular O2 delivery negatively impact upon the rate of increase in aerobic
metabolism at the onset of exercise in females with PAH. These findings might
contribute to reduce the tolerance to dynamic exercise in this patient population.
Supported by: CAPES, FAPESP and CNPq, Brazil.

3831
Effect of different patterns of exercise-induced dynamic hyperinflation on
central hemodynamic and peripheral muscle oxygenation responses in COPD
Zafeiris Louvaris1,2, Dimitris Athanasopoulos1,2, Maroula Vasilopoulou1,2,
Vasilis Andrianopoulos1, Evgenia Cherouveim1,2 , Stavroula Spetsioti1,2 ,
Antonia Koutsoukou1, Maria Koskolou2, Charalampos Roussos1,
Spyros Zakynthinos1, Ioannis Vogiatzis1,2. 1Department of Critical Care
Medicine and Pulmonary Services, Evangelismos Hospital, “M. Simou, and G.P.
Livanos Laboratories”, National and Kapodistrian University, Athens, Greece;
2Department of Physical Education and Sport Sciences, National and
Kapodistrian University, Athens, Greece

Background: Early reports suggest that COPD patients who do not dynamically
hyperinflate during exercise (euvolumics) exhibit increased work of breathing
(Wresp) and impaired cardiac output response. If this is the case then euvolumics
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should exhibit reduced peripheral muscle oxygen delivery (O2DEL) during exer-
cise, compared to those who progressively hyperinflate (hyperinflators). The aim
of this study was to investigate whether cardiac output and quadriceps muscle
oxygenation is more impaired in euvolumics compared to hyperinflators.
Methods: 18 COPD patients (n=8 euvolumics [FEV1=56±5% pred.], n=10 hy-
perinflators [FEV1=35±4% pred.]) performed a ramp incremental exercise test
to determine changes in cardiac output, quadriceps muscle deoxyhemoglobin
concentration (HHb) and fractional tissue oxygen saturation (%StO2).
Results: Work capacity was greater in euvolumics compared to hyperinflators
83±13 versus 49±7 W. After normalizing for peak work rate, peak cardiac out-
put was significantly lower in euvolumics compared to hyperinflators (0.15±0.01
versus 0.22±0.02 L/min/W), whereas changes in HHb (an index of oxygen extrac-
tion) were greater in euvolumics compared to hyperinflators (0.016±0.02 versus
0.08±0.01 micromol/L/W). Conversely changes in %StO2 (an index of balance
between oxygen accessibility and demand) were reduced more in euvolumics
(-0.17±0.01 versus -0.11±0.01%/W) compared to hyperinflators.
Conclusion: In euvolumics excessive expiratory muscle recruitment seems to
restrict the rate of increase in cardiac output during exercise, thereby limiting
locomotor muscle oxygenation

3832
Effects of expiratory flow limitation on intercostal and quadriceps muscle
blood flow during exercise in healthy humans
Dimitris Athanasopoulos1, Zafeiris Louvaris1, Eugenia Cherouveim2,
Vasilis Andrianopoulos1, Charis Roussos1, Spyros Zakynthinos1,
Ioannis Vogiatzis1. 1Department of Critical Care Medicine and Pulmonary
Services, Evangelismos Hospital, “M. Simou, and G.P. Livanos Laboratories”,
National and Kapodistrian University of Athens, Greece; 2Department of
Physical Education and Sport Sciences, National and Kapodistrian University of
Athens, Greece

We investigated whether expiratory flow limitation (EFL) causes a reduction in
quadriceps muscle blood flow in favour of the blood flow to the intercostal muscles
during exercise in healthy subjects. We hypothesized that during exercise with
EFL quadriceps muscle blood flow would be reduced, whereas intercostal muscle
blood flow would be increased compared to exercise without EFL. We initially
performed an incremental exercise test on eight healthy male subjects with a
Starling resistor in the expiratory line limiting expiratory flow to ∼ 1 L.sec-1 to
determine maximal EFL exercise workload (WRmaxEFL). On a different day, two
constant-load exercise trials were performed in a balanced order during which sub-
jects exercised with or without EFL at WRmaxEFL for 6 minutes. Intercostal (probe
over the 7th intercostal space) and vastus lateralis muscle blood flow index (BFI)
was calculated by near-infrared spectroscopy using indocyanine green, whereas
cardiac output (CO) was measured by an impedance cardiography technique. At
exercise termination CO and stroke volume (SV) were not significantly different
during exercise with or without EFL (CO: 15.5 vs 15.2 l.min-1, SV: 104 vs 107
ml.beat-1, respectively). Quadriceps muscle BFI during exercise with EFL (5.4
nM/s) was significantly (p = 0.043) lower compared to exercise without EFL (7.6
nM/s), whereas intercostal muscle BFI during exercise with EFL (3.5 nM/s) was
significantly (p = 0.021) greater compared to that recorded during control exercise
(0.4 nM/s). In conclusion, imposing EFL during exercise causes an increase in
blood flow to the intercostal muscles and a concomitant decrease in quadriceps
muscle blood flow.

3833
Improvement of paradoxical movements of the chest wall after lung volume
reduction surgery during spontaneous breathing and exercise
Pablo Sanchez1, Rita Priori2 , Joel Cooper3, Andrea Aliverti2. 1Surgery,
University of Maryland, Baltimore, United States; 2Dipartimento di
Bioingegneria, Politecnico di Milano, Italy; 3Surgery. Division of Thoracic
Surgery, University of Pennsylvania, Philadelphia, United States

Background: Patients with chronic obstructive disease, that often show abnormal
motion of the chest wall, can be treated with lung volume reduction surgery
(LVRS). The aim of this study is to investigate whether LVRS can improve the
chest wall synchrony.
Methods: We studied 6 patients with severe emphysema who underwent bilateral
LVRS. In each patient the volume displacement of the chest wall compartments
and the phase shift between the pulmonary rib cage (RCp) and the abdomen (AB)
were recorded by Opto-Electronic Plethysmography (OEP) during quiet breathing
(θQB) and during the repetition of 2-minute periods incremental walking exercise
test on a treadmill with an increasing speed equal to 0.5, 1, 1.5 mph (θ0.5, θ1 and
θ1.5). The test was executed within 1 month before, 1 month after and 3 months
after surgery.
Results: During QB and the different treadmill speeds, there was an improvement
of the synchronism between RCp and AB, with respect to the preoperative con-
dition in both post-operative phases (p<0.001, p<0.05). θQB was 16.24°±1.52,
6.40°±1.92 and 5.65°±2.46 in the three phases respectively. θ0.5 was 19.89°±3.78,
9.98±3.98 and 15.44°±2.18 respectively before, 1 month after and 3 months after
surgery. θ1 was 19.83°±4.49, 9.98±2.84 and 10.82°±4.71 and θ1.5 17.98°±5.17,
8.08±3.19 and 14.10°±6.02 in the three pre and postoperative periods.
Conclusions: The paradoxical movements of the chest wall, which characterize
patients with obstructive diseases, are reduced in patients that undergo LVRS. The

synchrony between the rib cage and the abdomen is improved not only during
spontaneous breathing, but also during exercise.

3834
Helium-hyperoxia accelerates O2 uptake kinetics compared to hyperoxia at
the onset of high intensity exercise in hypoxaemic patients with COPD
Fernando Queiroga Jr., Ethiane Meda, Marcos Nunes, Gaspar Chiappa,
Maria-Christina Machado, J. Alberto Neder, Luiz Eduardo Nery. Department of
Medicine, Federal University of Sao Paulo, Brazil

Helium (Chiappa et al. Am. J. Respir. Crit. Care Med. 2009; 179:1004) and
hyperoxia (Palange et al. J. Appl. Physiol. 1995; 78: 2228) have been shown to
improve O2 uptake (V’O2) kinetics and exercise capacity in moderate to severe,
non-hypoxaemic patients with chronic obstructive pulmonary disease (COPD).
It is unclear however, if Helium plus hyperoxia (60%He: 40%O2) further im-
proves V’O2 kinetics compared to hyperoxia (40%O2) in severely-impaired and
hypoxaemic patients with COPD. After a maximal incremental test, 18 patients
(resting PaO2=58[54–63]mmHg; FEV1=34[32–40],%pred), underwent constant
work rate cardiopulmonary exercise tests, breathing each gas mixture in a ran-
domized sequence. Breath-by-breath responses of V’O2 and the fractional O2

extraction (��[deoxy-Hb/Mb] by near-infrared spectroscopy) were assessed. He-
O2 improved FEV1, inspiratory capacity, and exercise tolerance time compared
to hyperoxia alone (p<0.05). In addition, He-O2 accelerated the kinetics of V’O2

(τ=47[43–56]s vs. 61[49–90]s, p<0.05) and �[deoxy-Hb/Mb] (MRT=20[16–25]s
vs. 23[18–31]s; p<0.05). Faster V’O2 kinetics with He-O2 was correlated with
peak V’O2 (r=-0,47;p=0,05) and with total lung capacity (r=0.54; p<0.05). We
conclude that He-O2 accelerated the rate of muscle O2 utilization at the onset of
high-intensity constant work rate exercise, particularly in more hyperinflated and
severely-limited hypoxaemic patients with COPD.
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