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ABSTRACT

Purpose: To describe the benefits of a feasible, outpa-
tient exercise training program on exercise tolerance and
health-related quality of life (HRQL) in individuals with
pulmonary arterial hypertension (PAH). Methods: Case
report on two subjects recruited from a tertiary care pul-
monary hypertension clinic. Subject 1 was a 50-year-old
male with idiopathic PAH. Subject 2 was a 54-year-old
female with a 20+ year history of scleroderma and 6-year
history of PAH. Both subjects underwent exercise train-
ing 3 times per week for 6 weeks using a cycle ergom-
eter at workloads progressing from 50% to 80% of peak
workload. Outcomes were assessed using cardiopulmo-
nary exercise testing, six-minute walk test (6MWT), and
HRQL using the Chronic Respiratory Disease Question-
naire (CRQ) and the Cambridge Pulmonary Hypertension
Outcome Review (CAMPHOR). Results: Both subjects
made substantial improvements in oxygen consumption
and workload at anaerobic threshold (improvements of
3.8 and 4.2 mL-kg"-min," 26 and 18 W, respectively) and
6MWT distance (from 496 to 586m and 416 to 517m,
respectively). Only Subject T made substantial improve-
ments in peak oxygen consumption (from 16.0 to 18.3
mL-kg'-min”and from 15.0 to 15.6 mL-kg'-min,” respec-
tively) and peak work rate (from 112 to 130W and 66 to
69W, respectively). Both subjects demonstrated improved
HRQL. No adverse events were noted. CONCLUSIONS:
A short and practical exercise training program can im-
prove measures of workload, aerobic capacity, and HRQL
in individuals with PAH with no adverse effects shown in
these two case studies.
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BACKGROUND AND PURPOSE

Pulmonary arterial hypertension (PAH) is characterized
by elevated pulmonary vascular resistance that subsequent-
ly leads to right heart failure. The etiology of PAH is varied.
World Health Organization (WHO) Group | PAH includes
those individuals with idiopathic, familial, collagen vascu-
lar, HIV, portal hypertension, congenital systemic-to-pul-
monary shunt, and anorexigen-induced disease etiologies
due to their similar histopathological features." These are
characterized by intimal proliferation, medial thickening,
and ultimately plexiform lesions of the pulmonary artery
vasculature.!? It is defined by a mean pulmonary artery
pressure >25 mmHg at rest or >30 mmHg with exercise
and a pulmonary capillary wedge pressure <15 mmHg.>*
Archer and Michelakis® have advocated for an elevated pul-
monary vascular resistance of >3 Wood units as a third di-
agnostic criterium. For individuals with scleroderma, PAH
occurs without interstitial lung disease/lung parenchymal
involvement. The overall prevalence of PAH in the U.S. is
difficult to ascertain due to increasing recognition of PAH,
lack of a single classification and coding schema for PAH,
and different sources of prevalence data.® However, the
prevalence of PAH has been suggested to be approximately
30 to 50 per million.”

Initial presenting symptoms include exertional dysp-
nea, as well as fatigue, weakness, chest pain, and synco-
pe.® Individuals with PAH report substantial reductions in
health-related quality of life (HRQL)*'® and demonstrate
dyspnea on exertion with moderate-to-severe limitations
in exercise tolerance.""'? The dyspnea and limited exer-
cise tolerance are due to impaired gas exchange associ-
ated with ventilation-perfusion mismatching, as well as
reduced pulmonary venous return with subsequent reduc-
tion in cardiac output. This results in arterial hypoxemia
(especially if pulmonary-to-systemic shunting due to pat-
ent foramen ovale is present), reduced oxygen delivery
to exercising muscle, reduced maximal oxygen consump-
tion, early onset of anaerobic metabolism, and subsequent
increased demand for ventilation.""'? The degree of limita-
tion is proportionate to disease severity."" Further, there
may also be significant inspiratory muscle dysfunction'
and altered pulmonary mechanics.
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Current management of PAH emphasizes management
of the underlying disease process through the use of se-
lective pulmonary arterial vasodilator and antiproliferative
agents.” This pharmacologic approach has improved sur-
vival by 50% at 2 years to over 50% at 5 years in individuals
with idiopathic and familial PAH'® but is not curative of the
disease process. Pharmacologic management has also been
shown to improve exercise tolerance and improve New
York Heart Association Functional Class (NYHA-FC).'718
However, because this is an incurable disease, there re-
mains a need to investigate other interventions such as ex-
ercise training that may improve functioning and HRQL to
a greater degree than pharmacologic management alone.

Although the benefits of exercise training for individu-
als with chronic obstructive pulmonary disease (COPD)
and chronic heart failure (CHF) have been well studied
and demonstrate both safety and efficacy with respect to
exercise tolerance, improved functional status, and im-
proved HRQL,'*** the benefits for those with PAH are less
clear. In fact, exercise training was previously considered
a contraindication due to concerns of low cardiac output,
arrhythmias, pulmonary venous congestion, and hypox-
emia.?**” However, recent attention has begun to be given
to the importance of exercise in preparation for transplanta-
tion for reducing functional limitation.?” Aerobic exercise
training in individuals with PAH is directed at improving
aerobic capacity of skeletal muscle, thus compensating for
reduced diffusing capacity and cardiac output. In individu-
als with COPD and CHF, this results in increased exercise
tolerance, reduced dyspnea, and improved function,®2>28
and similar mechanisms and responses may be found in
those with PAH.293¢

Uchi et al** demonstrated that a 6 to 8 week course
of inpatient cardiopulmonary rehabilitation following the
start of intravenous prostacyclin resulted in improvements
in NYHA-FC, lower extremity strength, six-minute walk test
(6MWT) distance, and ADL status. There was no assessment
of aerobic capacity using gas exchange data measured us-
ing cardiopulmonary exercise testing (CPET) or measure-
ment of HRQL. They did not observe any adverse effects
as measured by echocardiography and plasma levels of hu-
man atrial natriuretic peptide and brain natriuretic peptide.
Mereles et al** demonstrated that a 15 week, comprehen-
sive rehabilitation program resulted in improvements in ex-
ercise tolerance measured using CPET, functional exercise
tolerance measured by the 6MWT, HRQL using the Medi-
cal Outcomes Short Form 36 (SF-36), and WHO Functional
Class (WHO-FC). Interventions including cycle ergometry,
walking, resistance training, breathing instruction, and re-
spiratory muscle training were initiated during an elective
3 week in-patient hospital stay, and continued in a home-
based program for the remaining 12 weeks. They did not
observe any deleterious effects using echocardiography
and right heart catheterization.

Pulmonary arterial hypertension is a devastating dis-
ease that, despite optimal pharmacologic management,
results in considerable limitations in function and HRQL.
Only preliminary work by Uchi et al** and Mereles et al*°
have studied the potential for exercise training as an impor-
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tant adjunct in the comprehensive management of PAH,
and both have limitations with regard to feasibility and
confounding factors. The study by Uchi et al* was limited
to individuals with idiopathic PAH starting on intravenous
therapy and the study protocol was entirely performed on
an inpatient basis. The study by Mereles et al** required
patients to perform the first 3 weeks of the exercise program
as an inpatient. The intervention provided in the studies by
both Uchi et al* and Mereles et al*® included multiple in-
terventions that could confound the effect of exercise train-
ing on the study outcomes. Therefore, the purpose of this
case report is to describe the potential benefits of a short,
feasible outpatient exercise training program on exercise
tolerance and HRQL in individuals with PAH.

CASE DESCRIPTIONS

We describe the first 2 cases included in a prospective
case-series study designed to evaluate the effects of exer-
cise training in patients with PAH. The study was approved
by the Spectrum Health and Grand Valley State University
institutional review boards. Inclusion and exclusion crite-
ria required that patients have stable WHO Group | PAH
on optimized medical therapy and have no evidence of left
heart disease, interstitial lung disease confirmed by chest
radiograph or CT scan, or obstructive lung disease that con-
tributes to exercise limitation.

Procedures

Both subjects were recruited from a tertiary care pul-
monary hypertension clinic under the clinical care of one
of the authors (JW) and provided written informed consent
prior to any study procedure. Baseline testing included 2
HRQL measures, a 6MWT, and cycle ergometry CPET us-
ing a ramp protocol.

Health-related quality of life was measured using the
Chronic Respiratory Disease Questionnaire (CRQ)*'** and
the Cambridge Pulmonary Hypertension Outcome Review
(CAMPHOR).??? The 6MWT?*43¢ was used as a submaximal
measure of functional exercise tolerance and was admin-
istered on a 100 foot hallway course, with standardized
instructions and encouragement as recommended by the
American Thoracic Society.*

Cardiopulmonary exercise testing is the gold standard
measurement of aerobic capacity in patients with PAH, and
thus is the best method for assessing physiologic changes
associated with exercise training.*”** A work rate (WR) 5-20
watts per minute was chosen based on clinical appraisal in
an attempt to prevent excessively short or long test dura-
tions.' Traditional stopping criteria were used.*' Determi-
nation of anaerobic threshold (AT) was based on the venti-
latory equivalent method.'

Subjects

Subject 1. Subject 1 had been a fit, active 50-year-old
male industrial pipe welder who developed progressive
dyspnea, ascites, and lower extremity edema while living at
high-altitude for 15 years. He was ultimately hospitalized
for acute renal and heart failure 13 months prior to study
enrollment. Initial work-up revealed a systolic pulmonary
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artery pressure (SPAP) estimated to be in the high 60s by
echocardiography with a normal left ventricular ejection
fraction (LVEF ) of 50%. Further work-up was consistent
with idiopathic PAH as helical CT scanning, ventilation-
perfusion scanning, polysomnography, HIV titer, and ANA
excluded other possible causes of pulmonary hypertension.
Pulmonary function testing was not performed because it
was initially not clear whether this testing was performed at
a prior facility that performed the initial diagnosis. Because
Subject 1 was uninsured during the majority of his initial
work-up, every effort was made to not unnecessarily repeat
any prior testing. Right heart catheterization 4 months prior
to enrollment revealed a pulmonary artery pressure (PAP) of
93/35 mmHg (mean 54 mmHg). Repeat echocardiography
7 months prior to enrollment demonstrated a normal LVEF
an estimated SPAP of 90 mmHg. Daily medications in-
cluded digoxin (0.125 mg), furosemide (alternating 20 and
40 mg), potassium chloride (alternating 20 and 40 mEq),
famotidine (20 mg), levothyroxine (50 mcg), and atenolol
(25 mg). Sildenafil citrate (20 mg 3 times daily) was added
for managing his PAH within the first 4 weeks of his initial
hospital admission.

Subject 2. Subject 2 was a 57-year-old female dialysis
nurse with a long (20+ years) history of scleroderma. Ad-
ditional medical history included celiac disease, a small
right kidney, chronic renal insufficiency, possible lymp-
hangioleiomyomatosis, and mild chronic anemia. She was
diagnosed with scleroderma-associated PAH 6 years prior
to enrollment. Pulmonary function testing during her initial
evaluation for PAH revealed evidence of mild obstructive
disease (and was subsequently started on advair); however,
CPET testing at that time was consistent with a pulmonary
vascular limitation to exercise and was without evidence
of a ventilatory limit. Her most recent right heart catheter-
ization 3 years prior to enrollment demonstrated a PAP of
63/15 mmHg with a mean PAP of 32 mmHg. Echocardiog-
raphy 4 months prior to enrollment demonstrated an LVEF
of 67% and estimated SPAP of 60-70 mmHg. Daily medica-
tions included fluoxetine (60 mg), levothyroxine (75 mcg),
digoxin (.125 mg), captopril (12.5 mg), fluticasone/salmete-
ro (100/150 mcg, twice), lovastatin (40 mg), spironolactone
(25 mg), and warfarin. Medications for managing her PAH
included sildenafil citrate (60 mg 3 times daily), inhaled
iloprost (2.5 mcg, 6 times daily), and ambrisentan (5 mg).
Demographics for both subjects are displayed in Table 1.

Exercise Training Intervention

The intervention consisted of cycle ergometry 3 days per
week for 6 weeks conducted by one of the authors (MS). Each
session consisted of 5 minutes of warm-up, 35 minutes of
loaded cycling, and 5 minutes of cool down. Intensity started
at approximately 50% of peak workload as measured using
the CPET ramped protocol, and was progressed as tolerated
based on rating of perceived exertion (RPE), heart rate (HR),
blood pressure (BP), and oxygen saturation (SpO,), which
were monitored every 5 minutes. Training was progressed and
training intensity was increased to the highest tolerated work-
load so long as the following thresholds were not exceeded:
RPE >3/10 (“moderate breathlessness” or greater), HR > 80%
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Table 1. Baseline Characteristics of Subjects

SUBJECT 1 SUBJECT 2
Age (years) 50 57
Gender Male Female
Height (inches) 69 70.5
Weight (Ibs) 160 124
Etiology idiopathic scleroderma
Years Since Diagnosis 1.25 6
Right Heart Catheterization
PAP (mmHg)
93/34 63/15
mPAP (mmHg) 54 32
PCWP (mmHg) 9 1
PVR (Wood Units) 7.7 8
Cardiac Index 3.1 2.8
(Ipm/m?)
PAH Medications sildenafil sildenafil,
ambrisentan,
inhaled iloprost
Pulmonary Function Testing
Value/Percent Predicted
FVC (L) Not Performed 3.68/96%
FEV, (L) Pre-bronchodilation - 2.73/88%
FEV, (L) Post-bronchodilation - 2.93/95%
FEV /FVC (%) - 74/81
MVV (L/min) - 110/102%
Residual Volume (L) - 3.64/171%
Total Lung Capacity (L) - 7.38/124%
DLCO (mL/min/mmHg) - 9.54/50%
PAH = pulmonary arterial hypertension, PAP = pulmonary artery pressure, mPAP = mean pul-
monary artery pressure, PCWP = pulmonary capillary wedge pressure, PVR = pulmonary vascu-
lar resistance, FVC = forced vital capacity, FEV, = forced expiratory volume in 1 second, MVV
= maximum voluntary ventilation, RV = residual volume, TLC = total lung capacity, DLCO =
diffusing capacity of carbon monoxide

age-predicted maximum, SBP > 180 mmHg, or SpO, <92%.
All training sessions were monitored using a single-lead ECG.
The screening protocol used to ensure clinical stability prior
to each session is outlined in Table 2.

RESULTS

Both subjects attended all 18 exercise training sessions.
Neither subject developed any new PAH symptoms, wors-
ening clinical status, or adverse events related to any study
procedure. Figure 1 demonstrates the training workload at
each of the 18 sessions. Training intensities resulted in 70%
to 80% of age-predicted maximum HR and 55% to 70% of
initial peak work rate. Neither subject experienced oxygen
desaturation on room air. Progression of workload for Sub-
ject 2 was limited on sessions 3, 4, 8, 10, 11, 13, 14, and 17
due to a systolic hypertensive response with exercise, and
intensity was adjusted to maintain systolic BP under 180
mmHg. Her systolic BP responded immediately to reduced
workloads as well as cool-down and rest periods. Changes
in 6BMWT distances, peak oxygen consumption (VO,), peak
work, AT, work at AT (W,,), CRQ scores, and CAMPHOR
scores are presented in Tables 3 and 4.
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Table 2. Screening Criteria Prior to Each Session

Vital Signs:

e Resting vital signs as follows:
Heart Rate: >60, < 110 beats per minute
Blood Pressure: >90/50 mmHg
Respiratory Rate: <24 breaths per minute
SpO2: >92%

* No weight gain >2 |bs over the past 2 days

e No change in baseline LE edema

Questions:
eHas there been a change in or development of or-
thopnea or paroxysmal nocturnal dyspnea?
e |s there any dyspnea, chest pain, or lightheaded-
ness at rest?
*Has there been a change in or development of new
musculoskeletal pain?

Table 3. Cardiopulmonary Exercise Test Changes
Following Training
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Figure 1. Training workload per session.

Regarding changes in functional status, both subjects
rated themselves as NYHA-FC | following training (both
were NYHA-FC Il at baseline). Regarding changes in func-
tional exercise tolerance, both subjects improved their
6MWT distance (90 and 102 meters, respectively). Sev-
eral indices from CPET were used to evaluate the effects
of exercise training. Subject 1 demonstrated larger im-
provements in all indices, including peak VO, (16.0 to 18.3
mL-kg'-min”), peak work (117-134 W), AT (10.0 to 13.8
mL-kg'-min), and W, (56 to 82 W). In contrast, Subject 2
demonstrated substantial improvements in AT (9.2 to 13.4
mL-kg'-min-1) and W, (34 to 52 W) but only demonstrat-
ed slight improvements in peak VO, (15.0 to 15.6 mL-kg’
":min-1) and peak work (66 to 69 W).

Regarding HRQL, both subjects demonstrated improve-
ments on the CRQ, with Subject 1 improving in only the
dyspnea (5.33 to 6.33) and emotion (6.29 to 6.85) domains
compared to Subject 2 who improved in the dyspnea (5.75
to 6.5), fatigue (3.0 to 4.0), and emotion (4.86 to 5.57) do-
mains. Based on the CAMPHOR, only Subject 2 demon-
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SUBJECT 1 Baseline Post- Training
(% Change)
Peak VO, (mL-kg'-min™') 16 18.3 (+14%)
Peak Work (W) 117 134 (+14.5%)
VO, at AT (mL-kg'-min™') 10 13.8 (+38%)
Work at AT (W) 56 82 (+46%)
Peak RER 1.28 1.27
Maximum Heart Rate 145 145
VE, (L/min) 61.0 70.1
VENNVCO, at AT 35.2 34.9
Peak Oxygen Pulse 8.0 9.0
SUBJECT 2 Baseline Post- Training
(% Change)
Peak VO, (mL-kg'-min™) 15.0 15.6 (+4%)
Peak Work (W) 66 69 (+4.5%)
VO, at AT (mL-kg'min™) 9.2 13.4 (+46%)
Work at AT (W) 34 52 (+53%)
Peak RER 1.40 1.39
Maximum Heart Rate 120 145
VE, (Umin) 50.3 56.0
VE/VCO, at AT 33.5 39.1
Peak Oxygen Pulse 7.0 6.0
VO,=oxygen consumption, AT = anaerobic threshold, RER = respiratory exchange ratio, VE =
minute ventilation, VE/VCO, = ventilatory equivalent for carbon dioxide

Table 4. Health-Related Quality of Life Changes
Following Training

SUBJECT 1 Baseline Post- Training
CRQ Overall 24.87 26.43
Dyspnea 5.33 6.33
Fatigue 6.5 6.5
Emotion 6.29 6.85
Mastery 6.75 6.75
CAMPHOR Overall 3/65 3/65
Quality of Life 2/25 2/25
Activity 0/15 0/15
Symptoms 1/25 1/25
SUBJECT 2 Baseline Post- Training
CRQ Overall 20.11 22.82
Dyspnea 5.75 6.5
Fatigue 3.0 4.0
Emotion 4.86 5.57
Mastery 6.5 6.75
CAMPHOR Overall 17/65 3/65
Quality of Life 1/25 0/25
Activity 3/15 0/15
Symptoms 13/25 3/25
CRQ = Chronic Respiratory Disease Questionnaire (higher score is better), CAMPHOR = Cam-
bridge Pulmonary Hypertension Outcome Review (lower is better)




strated improvements which occurred in all domains with
an overall improvement of 14 points.

DISCUSSION

We demonstrated that a short and practical outpatient
exercise training program can improve measures of work-
load, aerobic capacity, and HRQL in people with PAH with
no adverse effects shown in these two case studies. These
outcomes are consistent with those demonstrated by previ-
ous studies*>?° specifically investigating exercise training in
patients with PAH. Unlike the study by Uchi et al,?* these 2
subjects were not receiving intravenous prostacyclin. And,
unlike the studies by Uchi et al** and Mereles et al,* this
training protocol involved only a single intervention and
did not include an inpatient hospital stay. The improve-
ments demonstrated by our 2 subjects were also consistent
with those demonstrated in patients with similar limitations
of exercise tolerance such as COPD and CHF.

Regarding functional status as measured by the NYHA-
FC, both subjects rated themselves as having improved
from Class Il to Class 1. With regard to submaximal ex-
ercise tolerance measured by the 6MWT, both subjects
demonstrated substantial improvement in distance walked.
Redelmeier et al** reported a minimum clinically impor-
tant difference of 54 meters, however, this was in patients
with COPD. O’Keefe et al** suggested a minimum clini-
cally important differences of 24 to 47 meters in patients
with heart failure, and Guyatt et al** found within-subject
standard deviation to be approximately 24 meters, suggest-
ing the need to exceed at least 30 meters in determining the
significance of change in the 6BMWT following an interven-
tion. Mean changes in 6MWT distance in the studies by
Uchi et al* and Mereles et al*® specifically evaluating the
effect of exercise training in patients with PAH found mean
changes of 31 and 96 meters, respectively. We suspect that
the improvement of approximately 100 meters in our sub-
jects likely represents a clinically significant change.

Based on CPET, there were notable differences in how
the two subjects changed in response to exercise training.
Both subjects demonstrated improvements in AT and W, .
However, only Subject 1 substantially improved peak VO,
and peak work. His improvement of 2.3 mL-kg"-min™ and
21 W is consistent with the mean changes of 2.2 mL-kg
"min” and 20 W found by Mereles et al.*° It is also consis-
tent with the weighted mean difference of 2.16 mL-kg'-min"
(95% Cl 1.49- 2.82) and 15.13 W (95% CI 12.59-17.67)
found in the meta-analysis conducted by Rees et al** in a
review of the effects of exercise in CHF. Subject 2, howev-
er, only demonstrated slight improvements in peak VO, and
peak work, despite significant improvement in NYHA-FC,
6MWT distance, and HRQL. The reason for this is not read-
ily apparent, but may be due to her long-standing sclero-
derma. As previously noted, the training intensity in nearly
half of the training sessions was not able to be progressed to
the same degree as that for Subject 1 due to a hypertensive
systolic BP response. The hypertensive response was likely
due to her increased peripheral vascular resistance and
decreased vascular compliance associated with her sclero-
derma. Thus, her lack of improvement in maximal exercise
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capacity may have been a result of reduced training inten-
sity or other consequences of her scleroderma. Individu-
als with scleroderma-associated PAH and idiopathic PAH
both demonstrate elevated pulmonary artery pressures,
increased pulmonary vascular resistance, and subsequent
reductions in pulmonary perfusion and cardiac output that
result in dyspnea, exercise intolerance, inactivity, and de-
conditioning. However, due to the systemic and chronic
nature of scleroderma, these individuals may not demon-
strate large improvements from a 6 week training program,
and may require a longer training period. Subject 2 had
a 20+ year history of systemic scleroderma and a 6 year
history of PAH, and had therefore been in a deconditioned
state for a much greater period of time compared to Subject
1 whose disease onset and subsequent activity limitation
was less than 2 years. Unfortunately, Mereles et al*® did
not report the specific disease etiologies for the included
subjects with WHO Group | PAH. Whether patients with
idiopathic and scleroderma-associated PAH respond differ-
ently to exercise training should be examined in future tri-
als of exercise training in PAH.

Additional differences in gas exchange indices on CPET
observed between Subjects 1 and 2 included oxygen pulse
and ventilatory equivalent for carbon dioxide (VE/VCO, at
AT). In contrast to Subject 1, Subject 2, following exercise
training, demonstrated a lower peak oxygen pulse (oxy-
gen consumed per beat) and a higher VE/VCO, at AT, as
well as higher VE/VCO, values at equivalent submaximal
workloads compared to baseline. These changes in these
indices could reflect a worsening of her disease status with
regard to cardiac output and lung perfusion. This is some-
what doubtful, however, given the improvement in all other
measures, as well as no change in end-tidal carbon diox-
ide, an indicator of disease severity.* The ability of Subject
2 to attain a higher peak HR with exercise is a possible
outcome following exercise training, and may explain the
lower oxygen pulse as her peak HR on CPET increased 20
beats per minute following exercise training. Despite her
improved exercise tolerance and presumed improvement
in skeletal muscle aerobic metabolism, her VE/VCO, was
not lower at equivalent submaximal workloads following
exercise training as might be expected. It is not yet known
whether consistent improvements in VE/VCO, following
exercise training in patients with PAH can be observed if
disease severity remains unchanged.

Regarding HRQL, both subjects demonstrated clini-
cally significant improvements of greater than 0.5 points®
in the dyspnea and emotion domains of the CRQ. Unlike
Subject 2, Subject 1 did not improve on the fatigue domain
or any domain on the CAMPHOR, but this may be due to
his relatively minimal limitations in those domains. Subject
2 demonstrated concurrent improvements in both the CRQ
and CAMPHOR scores. Minimum clinically important dif-
ferences of the CAMPHOR have not yet been established.

While the role of exercise training in the comprehensive
management of patients with PAH is promising for improv-
ing functional exercise tolerance and HRQL, there is much
that is not known. Both Uchi et al*® and Mereles et al** doc-
umented no change in disease severity based on echocar-
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diography and right heart catheterization following exercise
training. Routine clinical follow-up for Subjects 1 and 2 at
7 and 5 months, respectively, demonstrated no significant
change in echocardiographic measures of disease severity
despite maintenance of their improved clinical status. While
this is not surprising in light of what is observed in patients
with COPD? and CHF* following sustained, ongoing ex-
ercise training, further evidence is needed to demonstrate
other important benefits such as reduced hospitalization and
reduced outpatient service utilization similar to emerging
evidence in the care of individuals with COPD* and CHFE.*’
Furthermore, it is not yet clear which individuals with PAH
might not benefit from exercise training or whether patients
with more advanced PAH (based on NYHA-FC) can safely
participate in and derive similar benefits from exercise train-
ing. The individuals who have participated in exercise train-
ing trials in the published literature to date, in addition to the
2 subjects reported here, have been carefully selected and
screened, and may not represent the general population of
those with PAH.

CONCLUSIONS

This case report presents 2 subjects with WHO Group
| PAH who underwent a feasible, short course of exercise
training. No adverse events were noted, and both subjects
demonstrated improvements in functional status, exercise
tolerance, and HRQL. These improvements were similar to
those found in individuals with COPD and CHF, as well as
2 previous studies investigating the effect of exercise train-
ing in those with PAH. Further research is needed to further
demonstrate safety, efficacy, and feasibility of exercise train-
ing in patients with PAH, with particular focus on hospital-
ization and health care utilization.

ACKNOWLEDGEMENTS
This study was funded by the Spectrum Health Foundation.

REFERENCES

1. Peacock AJ, Rubin LJ. Pulmonary Circulation: Diseases
and Their Treatment. London: Arnold; 2004:614.

2. Cool CD, Stewart JS, Werahera P, et al. Three-dimen-
sional reconstruction of pulmonary arteries in plexi-
form pulmonary hypertension using cell specific mark-
ers: evidence for a dynamic and heterogeneous process
of pulmonary endothelial cell growth. Am | Pathol.
1999;155:411-419.

3. Rich S. Executive summary from the World Sympo-
sium on primary pulmonary hypertension 1998. Evian,
France. Sept 6-10, 1998. Available from the World
Health Organization via the Internet (www.who.int/
ncd/cvd/pph.html).

4. Rubin LJ. Diagnosis and management of pulmonary
arterial hypertension: ACCP evidence-based clinical
practice guidelines. Chest. 2004;176:7S-10S.

5. Archer SL, Michelakis ED. An evidence-based approach
to the management of pulmonary arterial hypertension.
Curr Opin in Cardiol. 2006;21:385-392.

6. Hyduk A, Croft JB, Ayala C, Zheng K, Mensah GA.
Pulmonary hypertension surveillance- United States,

Vol 20 < No 4 < December 2009

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

1980-2002. In: Surveillance Summaries, November
11, 2005. MMWR. 2005;54(No. SS-5):1-28.

Peacock AJ. Treatment of pulmonary hypertension. BM/
2003;326:835-836.

Rich S, Dantzker DR, Ayres SM, et al. Primary pulmo-
nary hypertension: a national prospective survey. Ann
Intern Med. 1987;107:216-223.

McKenna SP, Doughty N, Meads DM, Doward LC,
Pepke-Zaba J. The Cambridge Pulmonary Hypertension
Outcome Review (CAMPHOR): a measure of health-
related quality of life for patients with pulmonary hy-
pertension. Qual Life Res. 2006;15:103-115.
Shafazand S, Goldstein MK, Doyle RL, Gould MA,
Michael K. Health-related quality of life in pa-
tients with pulmonary arterial hypertension. Chest.
2004;126:1452-1459.

Sun XG, Hansen JE, Oudiz RJ, Wasserman K. Exercise
pathophysiology in patients with primary pulmonary
hypertension. Circulation. 2001;104:429-435.
Wasserman K, Hansen JE, Sue DY, Stringer WW, Whipp
BJ. Principles of Exercise Testing and Interpretation, 4"
ed. Philadelphia, PA: Lippincott Williams & Wilkins;
2005:585.

Kabitz HJ, Schwoerer A, Bremer HC, et al. Impairment
of respiratory dysfunction in pulmonary hypertension.
Clin Sci. 2008;114:165-171.

Sun Xing-Guo, Hansen JE, Oudiz RJ, Wasserman K.
Pulmonary function in primary pulmonary hyperten-
sion. ] Am Coll Cardiol. 2003;41:1028-1035.

Humbert M, Sitbon O, Simonneau G. Treatment of pulmo-
nary hypertension. N Engl | Med. 2004;352:1425-1436.
Shapiro SM, Oudiz R, Cao T, et al. Primary pulmonary
hypertension: improved long-term effects and survival
with continuous intravenous epoprostenol infusion. /
Am Coll Cardiol. 1997;30:343-349.

Barst RJ, Rubin LJ, Long WA, et al. A comparison of
continuous intravenous epoprostenol (prostacyclin)
with conventional therapy for primary pulmonary hy-
pertension. The Primary Pulmonary Hypertension Study
Group. N Eng | Med. 1996;334:296-302.
Paramothayan NS, Lasserson TJ, Wells AU, Wlaters EH.
Prostacyclin for pulmonary hypertension in adults. Co-
chrane Database Syst Rev. 2005(2):CD002994.

Nici L, Donner C, Wouters E, et al. American Thorac-
ic Society/European Respiratory Society statement on
pulmonary rehabilitation. Am J Respir Crit Care Med.
2006;173:1390-1413.

Troosters T, Casaburi R, Gosselink R, Decreamer M. Pul-
monary rehabilitation in chronic obstructive pulmonary
disease. Am / Respir Crit Care Med. 2005;172:19-38.
Lacasse Y, Goldstein R, Lasserson TJ, Martin S. Pul-
monary rehabilitation for chronic obstructive pulmo-
nary disease. The Cochrane Database of Systematic
Reviews 2006; Issue 3. Art. No.: CD003793. DOI:
10.1002/14651858.CD003793.pub2.

Pitta F, Troosters T, Spruit MA, Decramer M, Gosselink
R. Characteristics of physical activities in daily life in
chronic obstructive pulmonary disease. Am | Respir
Crit Care Med. 2005;171:972-977.

Cardiopulmonary Physical Therapy Journal 17



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

18

American Thoracic Society. Pulmonary Rehabilitation.
Am | Respir Crit Care Med. 1999;159:1666-1682.
Mahler  DA. Pulmonary rehabilitation.  Chest.
1998;113:263-268.

Pina IL, Apstein CS, Balady GJ, et el. American Heart
Association Committee on exercise, rehabilitation,
and prevention. Exercise and heart failure: A statement
from the American Heart Association Committee on
exercise, rehabilitation, and prevention. Circulation.
2003;107:1210-1225.

American Association of Cardiovascular and Pulmo-
nary Rehabilitation. Guidelines for Pulmonary Reha-
bilitation Programs. Champaign, IL: Human Kinetics;
2004:188.

Nici L, Donner C, Wouters E, et al. American Tho-
racic Society/European Respiratory Society statement
on pulmonary rehabilitation. Am J Crit Care Med.
2006;173:1390-1413.

Sullivan MJ, Higginbotham MB, Cobb FR. Exercise
training in patients with severe left ventricular dysfunc-
tion: hemodynamic and metabolic effects. Circulation.
1988;78:506-515.

Uchi M, Saji T, Harada T. Feasibility of cardiopulmo-
nary rehabilitation in patients with idiopathic pulmo-
nary arterial hypertension treated with intravenous
prostacyclin therapy. / Cardiol. 2005;46:183-193.
Mereles D, Ehlken N, Kresucher S, et al. Exercise and
respiratory training improve exercise capacity and
quality of life in patients with severe chronic pul-
monary hypertension. Circulation. 2006;114:1482-
1489.

Guyatt GH, Berman LB, Townsend M, Pugsley SO,
Chambers LW. A measure of quality of life for clinical tri-
als in chronic lung disease. Thorax. 1987;42:773-778.
Jaeschke R, Singer ], Guyatt GH. Measure of health sta-
tus: ascertaining the minimal clinically important dif-
ference. Control Clin Trials. 1989;10:407-415.
Gomberg-Maitland M, Thenappan T, Rizi K, Chandra S,
Meads DM, McKenna SP. United States version of the
Cambridge Pulmonary Hypertension Outcome Review
(CAMPHOR,). / Heart Lung Transplant. 2008;27:124-130.
American Thoracic Society. ATS statement: Guidelines
for the six-minute walk test. Am J Respir Crit Care Med.
2002;166:111-117.

Guyatt GH, Sullivan MJ, Thompson PJ, et al. The
6-min walk: a new measure of exercise capacity in
patients with chronic heart failure. Can Med Assoc /.
1985;132:919-923.

Hoeper MM, Oudiz R], Peacock A, et al. End points
and clinical trial designs in pulmonary arterial hyper-
tension: clinical and regulatory perspectives. ] Am Coll
Cardiol. 2004;43 (Suppl):48S-55S.

Emtner M, Porszasz ], Burns M, Somfay A, Casaburi R.
Benefits of supplemental oxygen in exercise training in
nonhypoxemic chronic obstructive pulmonary disease
patients. Am J Respir Crit Care Med. 2003;168:1034-
1042.

Hansen JE, Sun XG, Yasunobu Y, et al. Reproducibil-
ity of cardiopulmonary exercise measurements in pa-

Cardiopulmonary Physical Therapy Journal

40.

41.

42.

43.

44,

45.

46.

47.

tients with pulmonary arterial hypertension. Chest.
2004;126:816-824.

. Markowitz DH, Systrom DM. Diagnosis of pulmonary

vascular limit to exercise by cardiopulmonary exercise
testing. / Heart Lung Transplantation. 2004;23:88-95.
Oudiz R. The role of exercise testing in the manage-
ment of pulmonary arterial hypertension. Semin Respir
Critical Care Med. 2005;26:379-384.

Whaley MH, Brubaker PH, Otto RM, eds. ACSM’s
Guidelines for Exercise Testing and Prescription. 7%
ed. Baltimore, MD: Lippincott Williams & Wilkins;
2006:366.

Redelmeier DA, Bayoumi AM, Goldstein RS, Guyatt
GH. Interpreting small differences in functional sta-
tus: The six minute walk test in chronic lung disease
patients. Am J Respir Crit Care Med. 1997;155:1278-
1282.

O’Keefe, ST, Lye M, Donnellan C, Carmichael DN.
Reproducibility and responsiveness of quality of life
assessment and six minute walk test in elderly heart
failure patients. Heart. 1998;80:377-382.

Guyatt GH, Pugsley SO, Sullivan MJ, et al. Effect of
encouragement on walking test performance. Thorax.
1984;39:818-822.

Rees K, Taylor RS, Singh S, Coats AJS, Ebrahim S. Ex-
ercise based rehabilitation for heart failure. Cochrane
Database of Syst Rev. 2004(3):CD003331.

Yasunobo Y, Oudiz RJ, Sun XG, Hansen JE, Wasserman
K. End-tidal PCO2 abnormality and exercise limita-
tion in patients with primary pulmonary hypertension.
Chest. 2005;127:1637-1646.

Belardinelli R, Georgiou D, Cianci G, Purcaro A. Ran-
domized, controlled trial of long-term moderate exer-
cise training in chronic heart failure: effects on func-
tional capacity, quality of life, and clinical outcome.
Circulation. 1999;99:1173-1182.

Vol 20 < No 4 < December 2009



