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Abstract

In 7 patients with chronic heart failure (CHF) and 6 controls we examined: a) resting and post-
exercise muscle vascular endothelial growth factor (VEGF) mRNA levels, and b) their relationship
with muscle structure and function. Muscle biopsies were taken after 30 min of single leg knee-
extensor exercise at 50% of maximum work rate (50% WRpyax) from both the exercised and rested
legs. Muscle blood flow (Q. ) and O, uptake VO, were measured during exercise. Resting VEGF
mMRNA levels were not different between patients and controls and both groups upregulated VEGF
mRNA equally in response to acute exercise. Patients had lower Q., VO, and mitochondrial
density, but similar capillarity and fiber area. These findings reveal a normal basal level of muscle
VEGF mRNA, its appropriate upregulation in response to acute exercise and, despite increased
vascular resistance during exercise, a normal skeletal muscle vascular structure in patients with
CHF.
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INTRODUCTION

Although chronic heart failure (CHF) is considered to be predominantly a centrally limiting
disease, a variety of skeletal muscle alterations, including muscle atrophy, alterations in fiber
type, reduced oxidative capacity, reduced mitochondrial enzymes, and decreased
mitochondrial volume density, have all been associated with this pathology (Drexler et al.
1992; Harrington et al. 1997; Mancini et al. 1992; Massie et al. 1996). While at the
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peripheral vascular level, CHF has been associated with greater sympathetic vasoconstrictor
tone (Magnusson et al. 1997), decreased capillary-to-fiber ratio, reduced capillary density
and smaller capillary diameter (Duscha et al. 1999; LeJemtel et al. 1986; Sullivan et al.
1989). These findings indicate that in addition to the inability of the heart to appropriately
increase its pumping capacity during exercise, the skeletal muscle and its vasculature may
also contribute to the exercise intolerance associated with CHF.

As skeletal muscle O, diffusional conductance is positively related to the number of
capillaries per muscle fiber (Hepple et al. 2000), it is likely that angiogenesis plays an
important role in the facilitation of O, transport to skeletal muscle mitochondria and thereby
may influence maximal muscle oxygen uptake (VO,MAX) (Hogan et al. 1989; Richardson
et al. 1995; Richardson et al. 1994). Vascular endothelial growth factor (VEGF) plays a
major role in the regulation of the angiogenic process (Leung et al. 1989; Wilting et al.
1993). Previous investigations have documented that VEGF mRNA is up-regulated in
human skeletal muscle in response to a single bout of dynamic exercise (Gustafsson et al.
1999; Richardson et al. 1999) and this angiogenic signal is attenuated when exercise training
improves capillarity and O, diffusional conductance (Richardson et al. 2000). Thus,
teleologically VEGF regulation seems to parallel normal skeletal muscle structure and
function, but little is known about skeletal muscle VEGF and CHF.

Several studies have examined VEGF levels and angiogenesis in CHF, but only plasma
VEGEF levels have been studied with equivocal results (Abraham et al. 2000; Arakawa et al.
2003; Chin et al. 2002; De Boer et al. 2002). To our knowledge, only one investigation has
examined muscle VEGF mRNA at rest both before and after exercise training, however this
study lacked healthy controls, did not examine the response to an acute exercise challenge or
the relationship to vascularity (Gustafsson et al. 2001). Therefore, the upregulation of VEGF
mMRNA in response to acute exercise and even basal levels of muscle VEGF mRNA in
patients with CHF in relation to healthy controls remains unknown. Similar to the present
investigation the previous work by Gustafsson et al. (Gustafsson et al. 2001) employed the
single-leg knee-extensor (KE) exercise paradigm, which not only avoids overshadowing
muscle function with cardiac limitation but allows muscle sampling of both the rested and
exercised leg on the same occasion (Richardson et al. 2000).

Thus, the chief purpose of the present study was to test the following hypotheses: a) resting
skeletal muscle VEGF mRNA levels will be reduced in CHF patients compared with
controls and b) the upregulation of skeletal muscle VEGF mRNA associated with acute
exercise will be attenuated in patients with CHF compared to controls. Additionally, this
study was designed to examine the relationship between existing muscle structure and
function and both resting VEGF mRNA levels and the VEGF mRNA response to acute
exercise. Therefore, it was also hypothesized c) that there would be evidence of significant
relationships between basal and exercise-induced VEGF mRNA and muscle structure (e.g.
capillarity) and function (e.g. blood flow), which would differ amongst CHF patients and
control subjects.
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MATERIALS AND METHODS

Subjects

Seven male CHF patients and six healthy age, sex, and activity matched (questionnaire and
interview) control subjects gave written informed consent to participate in this study, which
was approved by the Human Subjects Protection Program, University of California, San
Diego. Their physical and anthropometric characteristics are presented in Table 1. All the
CHF patients were clinically stable with symptoms compatible with New York Heart
Association (NYHA) functional class I1-111. Mean left ventricular ejection fraction in the
CHF patients was 25 + 3%. Patient medications were not altered during the study, with the
exception of beta blockers that were withheld for 48 h prior to each experimental day. All
subjects were screened to rule out any smoking history or systemic diseases such as
peripheral vascular disease, diabetes, chronic-obstructive pulmonary disease,
hypercholesterolemia and hypertension. The investigation conforms to the principles
outlined in the declaration of Helsinki.

Experimental Design

To determine KE maximum work rate (WRmax), both CHF patients and controls performed
an 8-12 min graded KE exercise test to exhaustion. Several days later, CHF patients and
controls reported again to the laboratory and after a 5 min warm-up performed 30 min of KE
extensor exercise at 50% of WRax. Both the resting and exercised legs were biopsied
within one hour after the exercise stimulus. During KE studies, skeletal muscle blood flow
and muscle VO, were measured. To achieve this, two catheters (radial artery and left
femoral vein) and a thermocouple (left femoral vein) were emplaced using a sterile
technique to facilitate blood gas and blood flow measurements and O transport calculations,
as previously reported (Richardson et al. 1993).

Exercise apparatus

The KE ergometer was utilized to produce the acute exercise stimulus, as previously
described (Richardson et al. 1995). During exercise, the contraction rate was maintained at
60 repetitions per minute.

Muscle biopsy

All biopsies were taken from the vastus lateralis muscle at an approximate depth of 3-5 cm,
15 cm proximal to the knee and slightly distal to the ventral midline of the muscle using a
Bergstrom needle, as described previously (Bergstrom 1975). The muscle samples from each
biopsy were either immediately frozen in liquid nitrogen and stored at —80°C for subsequent
histochemical analysis or immersion-fixed in glutaraldehyde fixative and later processed for
electron microscopy and morphometry.

Histochemistry

Thick transverse sections of 8 mm were cut at —24°C on a cryostat (Jung-Reichert Cryocut
1800) and stained for fiber types | and |1, and capillaries (Rosenblatt et al. 1987).
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Electron microscopy

The glutaraldehyde-fixed samples were processed for electron microscopy, as described
previously (Mathieu-Costello 1987). Electron micrographs for morphometry were taken on
70 mm films with a Zeiss 10 electron microscope.

Morphometry

The relative cross-sectional area and number of types | and |1 fibers were estimated by point-
counting on a light microscope (250x) using an eyepiece square grid test A100 (Weibel
1979). Capillary density (i.e. capillary number per fiber cross-sectional area), capillary-to-
fiber ratio (i.e. capillary number per fiber number), number of capillaries around a fiber
(Ncag) and fiber cross-sectional area were measured by point-counting with a light
microscope (400x). The volume density of mitochondria per volume of muscle fiber was
estimated by point-counting (490x).

Competitive RT-PCR analysis of VEGF mRNA levels

The relative VEGF mRNA levels in skeletal muscle from healthy and CHF patients were
measured by competitive RT-PCR analysis according to the method of Zachar et al (1993).
A Polaroid photograph of the gel was quantified by computer densitometry (GelPro
Analyzer, Media Cybernetics, Silver Springs, MD). VEGF mRNA signals were then
expressed as the ratio of VEGF target DNA/internal standard. It should be noted that VEGF
protein expression was not assessed due to the differing time course of VEGF mRNA and
VEGF protein expression (1 vs 4 hrs, respectively), as this would have required an additional
biopsy and was not performed for ethical reasons.

Vascular and metabolic measurements

The continuous infusion thermodilution approach was used to measure blood flow during
exercise, as previously described (Richardson et al. 1993). Femoral arterial and venous
blood pressures were continuously monitored at heart level by pressure transducers (model
PX-MKQ099, Baxter). Mean arterial pressure (MAP) and mean venous blood pressures
(MVP) were computed by the integration of each pressure curve. Leg vascular resistance
(LVR) was calculated as (MAP-MVP)/muscle blood flow. Before each blood flow
measurement, 3—4 ml samples of arterial and femoral venous blood were withdrawn from
the catheters anaerobically to measure lactate concentration [La], PO5, PCO, pH, O»
saturation, and hemoglobin concentration ([Hb]). All measurements were made on an IL
1306 blood gas analyzer and IL 482 CO-oximeter (Instrumentation Laboratories, Lexington,
MA.). Arterial and venous O, concentrations were calculated as [1.39 ml O, x [Hb] g/100
ml x O, saturation (%)] + [0.003 ml O,/100 ml of blood x PO, (mmHg)]. Arterial-venous
O, concentration difference was calculated from the difference in radial artery and femoral
venous O, concentration measurements. Muscle VO, was calculated as the product of blood
flow and arterial-venous O, difference, while Q. O, was calculated as the product of blood
flow and arterial O, concentration.
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Norepinephrine spillover

Plasma epinephrine and norepinephrine (NE) were assayed in duplicate by the method of
Kennedy and Zeigler (1990). The rate of NE spillover was determined as described
previously (Savard et al. 1989) using the following equation:

NE spillover=[Cv- Ca)+Ca (Ee)] LPF

where Cv and Ca are the plasma NE concentrations in the femoral vein and radial artery,
respectively. Ee is the fractional extraction of epinephrine, and LPF is the leg plasma flow,
determined from leg Q. O, and hematocrit. This approach utilizes the high correlation
between NE and epinephrine extraction and avoids the potential problem of recirculation
(Savard et al. 1989), if a titrated isotope of NE had been used to measure NE extraction
directly.

Statistical analysis

Rested and acutely exercised muscle VEGF signals were quantitatively assessed using
densitometry (normalized by the internal standard) and differences were assessed by two-
way ANOVA for repeated measures. Differences between groups and conditions were then
identified using a Newman-Keuls post-hoc analysis. Functional and morphometric
measurements in CHF patients and controls were compared using unpaired Student t-test.
Despite the relatively small sample size, a priori power calculations, based upon our
previously published assessments of the acute VEGF mRNA response to exercise and
muscle morphometry (Richardson et al. 1999; Richardson et al. 2000), revealed adequate
power (> 0.7) in the major variables of interest. Statistical significance was accepted if
FP<0.05. All data are reported as mean + SE.

RESULTS

Muscle metabolic and vascular response to acute exercise

Single-leg KE WRax Was 40+2 W for controls and 30+3 W for patients with CHF
(P<0.05). Therefore, the 50% of WRpax €xercise stimulus was, in absolute terms,
significantly lower for the patients with CHF and thus resulted in a lower muscle blood flow
and muscle V. O, (£<0.05). The patients with CHF exhibited a 44% higher LVR than the
controls. Complete O, transport and metabolic data are presented in Table 3.

VEGF mRNA at rest and response to acute exercise

The VEGF mRNA gels for all patients with CHF and controls are presented in Figure 1. In
the rested leg VEGF mRNA levels were similar in both CHF patients and healthy controls
(0.42+0.03 and 0.33+0.04, respectively; £>0.05) (figure 2). One hour following acute KE
exercise, both groups revealed a significant increase in VEGF mRNA levels in the vastus
lateralis muscle (0.81+0.07 and 0.78+0.07 in CHF and controls, respectively; figure 2). This
increase in VEGF mRNA abundance, as a consequence of acute exercise, was similar in
both CHF patients and controls. Consequently, the VEGF mRNA exercise-to-rest ratio was
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not different between CHF patients and controls (2.0+0.2 and 2.5+0.5, respectively; figure
2).

Muscle structure

Muscle fiber cross-sectional area was not different between the two groups. The patients
with CHF did not reveal altered capillarity compared to controls when expressed as capillary
density, capillary-to-fiber ratio or Ncag. However, the volume density of mitochondria was
22% lower (AP<0.05) in patients with CHF than in controls.

DISCUSSION

Currently the role of VEGF in the regulation of skeletal muscle vascular structure in patients
with CHF has not been well characterized. This study has provided four novel findings in
this area of research, 1) resting skeletal muscle VEGF mRNA levels in patients with CHF do
not differ from well matched healthy controls, 2) in the same subjects, the assessment of
skeletal muscle capillarity revealed similar vascular structure in the patients with CHF and
controls, 3) acute exercise induced a similar increase in skeletal muscle VEGF mRNA in
CHF patients and controls and 4) evidence of similar structural and structural functional
relationships shared by both patients and controls. Taken together, the multiple similarities
between patients and controls question the concept of a VEGF-mediated impact of CHF on
skeletal muscle capillarity and angiogenesis in response to physical activity.

Basal VEGF mRNA and skeletal muscle capillarity

The present interest in basal levels of VEGF has been fueled by the finding that in mice the
knockout of all three isoforms, VEGF1,q, VEGF 13, VEGF1gg, or its receptors (FIk-1 and
FIt-1) results in embryonic lethality (Ferrara et al. 1996; Fong et al. 1995; Shalaby et al.
1995). Therefore, it was not until recently that the specific role of basal VEGF integrity in
skeletal muscle was documented in adult mice by the viral delivery of cre recombinase to
regions of muscle containing a floxed VEGF gene resulting in the deletion of exon 3 and the
local inactivation of all three VEGF isoforms (Tang et al. 2004). Within 8 weeks these
infected regions of muscle experienced a 70% reduction in capillary-to-fiber ratio,
highlighting the importance of VEGF as an essential survival factor for muscle capillarity.
The recent development of a lifelong skeletal muscle VEGF deficient mouse model (Olfert
et al. 2009), further supports the role of VEGF in adult skeletal muscle, with these animals
exhibiting significant reductions in both skeletal muscle capillarity and exercise capacity.

Although there are several studies that have reported capillary rarefaction in patients with
CHF and the possible link between this structural difference and the regulation of skeletal
muscle angiogenesis by VEGF, the data in this particular area are sparse (Gustafsson et al.
2001; Kraus et al. 1999; Testa et al. 2000). In 1999 preliminary data, published only in
abstract form, by Kraus et al. (Kraus et al. 1999) revealed a low VEGF level in the skeletal
muscle of patients with CHF compared with controls. While in 2001, Gustafsson et al.
(Gustafsson et al. 2001) assessed basal levels of VEGF mRNA and protein and revealed a
proportional increase in both due to exercise training, however this study and the work of
Testa et al. (2000) lacked a healthy control group which limits its interpretation in this arena.
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In the present study basal VEGF mRNA levels in the rested skeletal muscle of the patients
with CHF did not differ from the levels of healthy age- and activity-matched controls,
suggesting the novel finding of normal VEGF levels in patients with CHF at rest. This
conclusion is additionally supported by the morphometric assessment of capillarity density,
the capillary-to-fiber ratio and Ncar in the same subjects, none of which revealed a
capillarity difference between the patients and healthy controls. It should be noted, that
although VEGF protein levels were not assessed in the present study, previous findings
(discussed earlier) have documented proportional changes in VEGF mRNA and protein
expression in this population (Gustafsson et al. 2001).

VEGF response to acute exercise

To our knowledge, there are has not been a single study that has examined the effect of acute
exercise on VEGF mRNA levels in patients with CHF. In a prior study of this population,
utilizing the same KE exercise modality to maximize the impact of skeletal muscle
movement and minimize the role of the failing heart, it was documented that both resting
VEGF mRNA and protein concentrations increased in response to one-leg KE training
(Gustafsson et al. 2001). This was interpreted as an evidence for molecular plasticity and a
potentially intact VEGF response to exercise that could be beneficial to this population when
encouraged to exercise. However, although cutting edge, this study did not assess the acute
response to exercise, assess muscle structure, or include a healthy control group. In the
present study, the patients with CHF exhibited a similar VEGF mRNA response to acute
exercise as did the healthy controls (figures 1 and 2). These data reveal the exciting and
clinically relevant observation that the sparking capacity of acute exercise to ignite the
process of new capillary growth and maintenance of existing vessels is still intact in the
skeletal muscle of patients with CHF.

Muscle morphometry

CHF is a clinical syndrome in which several severe abnormalities are often cited in
peripheral skeletal muscle, suggested to be responsible for exercise intolerance and other
morbidities associated with this disease. However, in the current patients with CHF the
normal morphometric findings are internally consistent with similar resting levels of skeletal
muscle VEGF mRNA. Specifically, in addition to no significant fiber type differences, three
measures of capillarity, capillary density, capillary-to-fiber ratio, and Ncag, revealed similar
vascular structure in the patients and controls (table 2). Additionally, the same VEGF mRNA
response to exercise in CHF patients and controls also supports these morphometric
findings. Indeed, this is an independent evidence of the preserved capacity to signal the
maintenance and the potential to realize new capillary formation in response to an acute
increase in activity (figures 1 and 2). Indeed, the only morphometric difference between
CHF patients and controls was at the subcellular level with the volume density of
mitochondria in CHF patients being 22% lower than in controls (table 2, figure 3). However,
here too the patients revealed a similar relationship with capillarity as did the controls.

Muscle metabolic and vascular response to acute exercise

A unique feature of this study was that the physiological response to the KE exercise
stimulus utilized to upregulate VEGF mRNA was well documented in terms of the
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metabolic and vascular responses (table 3). An initial important observation was that
maximal WR and leg VO, were significantly lower in the patients with CHF than in
controls. Guided by the ethos that exercise training adaptations are stimulated by relative
and not absolute WR, this meant that the selection of a relative percentage of WRy,3x would
likely yield a lower metabolic and vascular challenge for the patients than the controls and
indeed this was the case. Leg muscle blood flow and leg VO, at 50% of WRnax in CHF
patients were 27% and 18% lower, respectively, than the matched controls (£<0.05).
However, despite this difference in absolute metabolic and vascular stress, the same relative
challenge (50% WRnax), the VEGF mRNA response was not different between CHF
patients and controls (figures 1 and 2).

The other striking difference between the physiological response to the exercise stimulus
between CHF patients and controls was the 44% greater LVR in the patients. This
phenomenon, likely the consequence of elevated muscle sympathetic nerve activity (MSNA)
(Magnusson et al. 1997), has been previously documented in this population during cycle
exercise in which it has been supposed that the elevated skeletal muscle NE spillover was an
attempt to minimize peripheral vasodilation due to the limited pumping capacity of the heart
(Magnusson et al. 1997). However, it has previously been suggested that the adoption of the
KE exercise model and the use of a small muscle mass avoid this response in patients with
CHF compared with controls, but the increased MSNA is again seen if two legs perform KE
exercise (Magnusson et al. 1997). In the current patients with CHF this did not appear to be
the case, based upon their much greater NE spillover than healthy controls during only
single leg KE exercise (table 3). As some authors have proposed that both exercise-induced
increases in blood flow and tissue stretch, which elevates shear stress, wall tension and
basement membrane stretching, particularly important stimuli for angiogenesis in skeletal
muscle (Egginton et al. 1998; Hudlicka 1998; Zhou et al. 1998), the possibility that the
patients with CHF experience a greater stimulus in this respect is a possibility. However, it is
interesting to note that, whether the patients were considered alone or in combination with
the controls, there was no discernible relationship between skeletal muscle blood flow or NE
spillover (r = 0.05) and the VEGF mRNA levels increase due to the acute exercise challenge
(figure 4).

Physical activity versus pathophysiology

The goal of the present study was to recruit healthy controls who were not only matched for
age and stature, but also for physical activity level and thus all control subjects who partook
in this study would be considered relatively inactive compared to the normal healthy
population. It is possible that in the current study the multiple similarities between the
patients and the controls, such as capillarity and VEGF mRNA levels, were a function of the
focus upon activity level in the subject matching process. Additionally, there are several
normal and potentially activity-dependent structural and structural/functional relationships
that are shared by both CHF patients and healthy controls.

Specifically, as illustrated in figure 4A, with the inclusion of both patients and controls there
is a relatively strong relationship between capillary-to-fiber ratio and peak leg VO,
measured during KE exercise. This suggests that, in line with current thinking (Hepple et al.
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2000), muscle capillarity plays an important role in determining O, flux to muscle during
exercise and the current patients with CHF appear to have a similar relationship to the
current healthy controls. A similar theme is supported by the equally strong relationship
between mitochondrial volume, which was on average significantly attenuated in the patients
with CHF (table 1), and the Ncag (figure 4B). This relationship, again equally shared by the
healthy controls, suggests that muscle, whether from healthy controls or patients with CHF,
exhibits a strong link between structural metabolic capacity (mitochondria) and the
structural O, transport capacity (capillaries).

In terms of VEGF mRNA, both the basal levels and response to exercise in the patients with
CHF were not different from the controls and this was supported by similar structural and
structural/functional relationships shared by both groups. Only reduced mitochondrial
content and an elevated peripheral vascular resistance during the submaximal KE exercise
challenge separated the CHF patients from the controls. It is concluded that VEGF
upregulation and capillarity are unlikely to be responsible for the attenuated exercise
capacity in the present group of patients with CHF, but decreased skeletal muscle
mitochondrial content and increased peripheral vascular resistance may play a role in this
symptom. However, care must be taken in interpreting these results, as muscle biopsies may
not be completely representative of the entire muscle. Moreover, patients with CHF present
with many different phenotypes, as in many other chronic diseases, thus the participants in
the current study may not represent the entire CHF population as a whole.
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Figurel.
Rest (R) and exercise (E) VEGF mRNA expression in CHF patients and controls.
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Figure 2.

The expression of VEGF mRNA in rested (black bars) and exercised (30 min at 50%

controls

*

CHF

WRmax, White bars) skeletal muscle of controls and patients with CHF. Note that the patients
with CHF and the controls have a similar basal and acute exercise-induced VEGF response.
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Figure 3.

Evidence of a poor relationship between leg blood flow (Q. ) achieved during the KE
exercise stimulus and the VEGF response to exercise (VEGF difference) (panel A), and an
inverse relationship between capillary-to-fiber ratio and VEGF difference in response to
acute exercise (panel B).
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The similarly strong relationship between capillary-to-fiber ratio and peak leg oxygen
consumption (VO,, panel A) and mitochondrial volume and Ncar (panel B). The shared
relationship between patients with CHF and controls reveals the preservation of normal
structure and structure function relationships in the patients.
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Characteristics of controls and patients with CHF

controls CHF
Age (yrs) 50+3 54+2
Height (cm) 176+1 180+2
Body Mass (kg) 8247 99+6
Quadriceps muscle mass (kg) 2.1+0.2 2.240.2
NYHA class - 1-111
Peak Pulm. Cycle VO, (I/min) 2.3440.30 1 66+0.21"
Peak Pulm. Cycle VO, (ml/kg/min) ~ 29.1#3.2  1584+20%
Maximum cycle work rate (W) 170+23 101+13%
Peak cycling leg VO, (ml/min) 479£35 33636
Medications (fraction of users)
Digoxin 0/6 717
Diuretics 0/6 17
Long-acting nitrates 0/6 6/7
Statins 0/6 5/7
Aspirin 0/6 5/7
B-Blockers 0/6 417
Warfarin 0/6 317
ACE inhibitors 0/6 5/7
Ca?* channel blockers 0/6 5/7

CHF, chronic heart failure; ACE, angiotensin-converting enzyme.

Table 1

Page 16

Anthropometric data and severity of disease (NYHA class) in controls and CHF patients. Work rate and pulmonary VO2 at maximum cycle

ergometric exercise, together with peak leg VO2 at maximum KE exercise, are reported. The type of medications taken by CHF patients is also

listed. Data are expressed as mean * SE;

*
P<0.05.
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Morphometric characteristics of skeletal muscle in controls and in patients with CHF.

controls CHF
Capillary density (capillariessmm?) 43225 415+ 46
Near 38+01 3.6+03
Capillary-to-fiber ratio 1.57+0.10 1.46+0.14
Fiber area (u?) 4086+625 3366199
Mitochondria volume density (%) 4.5+0.4 35+0.47%
Area type | fibers (%) 41+3.8 35+3.9
Avrea type Il fibers (%) 59+3.8 65+3.9

Table 2

CHF, chronic heart failure; NCAF, number of capillaries around a fiber.

*
F<0.05

Growth Factors. Author manuscript; available in PMC 2018 March 13.

Page 17



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

ESPOSITO et al.

Table 3

Page 18

Vascular and metabolic response to knee-extensor exercise at 50% of maximum work rate (50% WRmax)-

controls CHF
50% WRmax (W) 2043 15+4
VO, leg (ml/min) 313+28 255433~
Q. leg (ml/min) 2450223 18074243 %
Q. 0, (ml/min) 460+41  33g+46*
Hb (g/dl) 13.9403  13.3+0.4
Sa0; (%) 96 +1 9%6+1
CaO, (ml/100ml) 18.8+0.3 18.4+0.3
CvO, (ml/100ml) 5.9+0.5 4.2+06
PaO, (mmHg) 99.9+3 95.0+5
PvO,(mmHg) 23+1 19+1
LVR (mmHg/L/min) 4116 59+8*
MAP (mmHg) 121+11 108 5
MAP-MVP (mmHg) 100.0+11.5 97.7£7.5
Arterial Lactate (mMol) 2.1+0.4 1.6+0.2
Ne Spillover ("M-min"kg™)  0.59+0.09 5 4740.35%

CHF, chronic heart failure; 50% WRmax, 50% of maximum work rate; VO2 leg, leg oxygen uptake; Q. leg, leg blood flow; CaO2, arterial 02
concentration; CvO2, venous O2 concentration; PaO2, arterial O partial pressure; PvO2, venous O2 partial pressure; LVR, leg vascular resistance;

MAP, mean arterial pressure; MVP, mean venous pressure; Ne, norepinephrine. Data are expressed as mean + SE;

*
P<0.05 (controls vs CHF).
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