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ABSTRACT

Sildenafil Reduces Exercise-induced Pulmonary Arterial
Hypertension And I mproves Exer cise Capacity In Patients With
Mitral Stenosis

Jaemin Shim

Department of Medicine
The Graduate School, Yonsal University

(Directed by Professor Namsik Chung)

Background: One of the most characteristic findings of cardenular
response to exercise in mitral stenosis is the pr@piate increase in
pulmonary artery pressure, which has been knowbet@a major limiting
factor for exercise capacity. We sought to invedggwhether sildenafil,
selective phosphodiesterase-5 inhibitor can redaaggerated increase in
pulmonary artery pressure and improve exercisgdaote in patients with
mitral stenosis.

Methods: Twenty-four patients (19 females, 5 males; meam %@ + 10
years; 9 in normal sinus rhythm, 15 in atrial filation) with moderate to
severe mitral stenosis were studied. In all padiestipine bicycle exercise
echocardiography was performed before and 60 nsnafeer 50 mg of
sildenafil intake with simultaneous measurement aidices of
cardiopulmonary exercise test.

Results: There were no significant changes in blood pressoeart rate,
arterial oxygen saturation, and transmitral measgure gradient before and
after sildenafil. There was a significant reductiopulmonary artery pressure
at baseline from 39.0 + 7.9 to 35.5 + 6.2 mmHg QuB01), at peak exercise



from 72.4 £ 15.3 to 62.0 £ 12.5 mmHg (p< 0.001)d at recovery after
exercise from 41.4 + 9.0 to 36.7 £ 6.9 mmHg (p<0Q)) respectively.
Pulmonary vascular resistance defined as the ratioTRV (tricuspid
regurgitant velocity) to T\Aor(right ventricular outflow tract time-velocity
integral) was also significantly reduced (from 022.09 to 0.19 + 0.07,
p=0.004), but cardiac output was not changed a#téministration of
sildenafil (from 5.0 + 2.8 to 5.3 £ 2.9 L/min, p2Q). Furthermore, there was
a significant increase in exercise duration (frod3 4 115 to 442 + 115 sec,
p=0.016), VQ max (from 15.3 + 6.5 to 18.3 + 4.9 ml/kg/mpr0.016), and
AT/VO, max (from 17.5 = 9.9 to 23.6 + 12.6 %, p=0.014em=kildenafil
administration.

Conclusions. Sildenafil improves exercise tolerance by modaofati
pulmonary artery pressure and pulmonary vasculastence in patients with
mitral stenosis.

Key words: sildenafil, mitral stenosis, pulmonaryplrtension, exercise
capacity
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. INTRODUCTION

Pulmonary hypertension frequently complicatesrahitstenosis and the
presence of pulmonary hypertension is importanabee it affects exercise
capacity and prognosis. Pulmonary arterial hypertenin patients with
mitral stenosis is frequently out of proportion ttee degree of pulmonary
venous pressure, reflecting an increase in pulnyovescular resistance. The
increase in pulmonary arterial pressure has bewibed to three factors. First,
passive transmission of left atrial pressure adiosgulmonary capillary bed,
second, organic obliterative changes in the pulmorascular bed, which
may be considered to be a complication of longstandnd severe mitral
stenosis, and third, pulmonary arteriolar consaigt which presumably is
triggered by left atrial and pulmonary venous hygesion that is called
reactive pulmonary hypertensibilthough symptoms of dyspnea and fatigue



are common in patients with mitral stenosis, medmas that limit exercise
tolerance are poorly understood. One of the moatadhteristic findings of
cardiovascular response to exercise in mitral sisns the inappropriate
increase in pulmonary artery pressure which has lBeewn to be a major
limiting factor for exercise capacify. In general, a number of studies about
molecular mechanisms of primary or secondary pulmpnarterial
hypertension suggest that endothelial dysfunctitaysgpa key role in this
disease. Chronically impaired production of vaseacmediators, such as
nitric oxide and prostacyclifi’ along with prolonged overexpression of
vasoconstrictors such as endothelihigt only affect vascular tone but also
promote vascular remodeling. Sildenafil is a s&lectinhibitor of
phosphodiesterase-5 that is highly expressed iiepand lung tissue, and
leads to stabilization of cyclic guanosine monojpimagse (cGMP). cGMP, a
second messenger of nitric oxide (NO), promotesdiéetion in pulmonary
vessels. Because of simplicity of administration and exeetlsafety profile,
the oral sildenafil has come into the focus of Btigation recently and a
number of uncontrolled studies have reported timetigal effect of sildenafil
in the treatment of primary or secondary pulmondrypertensiorf*
Although hemodynamic effects of inhaled nitric cxith patients with mitral
stenosis and pulmonary hypertension has been mgdyialescribed® the
effect of oral sildenafil in patients with mitraltemois and pulmonary
hypertension is unknown. We sought to investigateethher sildenafil,
selective phosphodiesterase-5 inhibitor can rediaggerated increase in
pulmonary artery pressure and improve exercisgaote in patients with
mitral stenosis.



II. MATERIALSAND METHODS

1. Study Subjects

Clinical, echocardiographic, and cardiopulmonaryereise data were
obtained from 24 consecutive patients (5 malesl#htémales, mean age 53
+ 10 years, range 29 to 65) with moderate to sewgtr@l stenosis. 9 patients
were in normal sinus rhythm and 15 patients wereatimal fibrillation.
Patients were included in the study if they were New York Heart
Association (NYHA) functional class | to Ill. Infored consent was obtained
from all patients. Exclusion criteria included: (4)HA functional class 1V,
(2) left ventricular systolic dysfunction (LVEF<5Q%(3) the presence of
grade >1 of mitral regurgitation, (4) the preserafe significant aortic
regurgitation or stenosis, and (5) the clinicalgdiasis of chronic obstructive
pulmonary disease or other severe co-morbid camditi All patients
continued to take their medications such as disetdigitalis, warfarin
according to physician’s decision, but no one wasnd treated with
vasodilators.

2. Echocar diographic study

Two-dimensional and Doppler echocardiography weeefopmed in all
patients before exercise. Echocardiography wasopeedd with a Vivid 3
equipment (GE medical company, USA). LA dimensionl &eft ventricular
end-diastolic and end-systolic dimensions were oreas Mitral valve areas
were measured from 2-dimensional images and trespre half-time method
from the continuous mitral flow velocity profile. &n mitral gradient was
also measured by continuous-wave Doppler echoguajpby. Pulmonary
artery pressure were obtained from tricuspid arlchpoary regurgitation jet
velocity tracings? Pulmonary vascular resistance (PVR) was determined
noninvasively by Doppler echocardiography as theraf TRV (tricuspid
regurgitant velocity) to T\,or (right ventricular outflow tract time-velocity



integral) which have been previously described ligbds et al® Cardiac
output was measured from velocity time integral adrtic flow, left
ventricular outflow tract diameter measured at dbetic annulus, and heart
rate. A mean of three to five values for patiemtsiormal sinus rhythm and
five to ten values for those in atrial fibrillatiavas taken respectively.

3. Cardiopulmonary exercisetest (CPET)

Subjects performed a symptom limited, progressivalyreasing (25 W
increase every 3 minutes) work rate cardiopulmoreaxsyrcise test (CPET) on
a cycle ergometer (Medical Positioning, Inc., Kan€ay, Missouri) in supine
position. Ventilatory gas exchange for oxygen upt&¢O,), carbon dioxide
output (VCQ), and minute ventilation (VE) was measured on eatir-by-
breath basis with a gas analyzer (Medical Grapl8t®aul, MN). VQ max
was defined as the \WOneasured during the last 30 seconds of peak egerci
Heart rate, 12-lead electrocardiogram, cuff bloagspure, and oxygen
saturation by pulse oxymetry were monitored andnebed.

4. Protocol

After baseline measurement of two dimensional andpgdler
echocardiographic data, all patients performedegtaglipine bicycle exercise
with simultaneous measurement of echo Doppler patens and indices of
cardiopulmonary exercise test. After a 30-minutt,r80 mg of sildenafil was
administered orally. Then sixty minutes later (toncide with the expected
peak plasma concentration after oral do¥)pghe second supine bicycle
exercise echocardiography was repeated as thersathed in first exercise.

5. Satistical analysis

All data are expressed as mean = SD. The non-pérardélcoxon signed-
rank test was used to compare baseline and sixtyites after sildenafil
administration (Doppler echocardiographic hemodyinardata, exercise



indices). Statistical analyses were performed bgmaeof the SPSS software
package (version 11.5, SPSS Inc., Chicago, lllsihand a p value <0.05 was
considered statistically significant.



I11. RESULTS
1. Patients characteristics

The baseline characteristics of patients are givd@able 1. All had
preserved left ventricular function, eight patiemtye in New York Heart
Association (NYHA) functional class 1, 15 in cldgsand 1 in class .
Electrocardiography showed sinus rhythm in 9 padiend atrial fibrillation
in 15 patientsMean mitral valve area was 1.3 0.24 cri (range 0.68 to
1.73). Mean mitral gradient by Doppler echocardipgry was 5.18+ 1.97
mmHg (range 2.65 to 9.4). Left atrial volume inaeas 69.2+ 27.3 ml/nt
(range 25.9 to 129).

Table 1. Baseline Characteristics of Study Subjett4)

Patient Data

Age (years) 53 + 10
Gender (M:F) 5:19
NYHA class (I/1I/1ll) 8/15/1

NSR : A.fib 9:15

LVEF (%) 622+ 7.4
LA VI (ml/m?) 69.2 + 27.3
MVA (cm’) 1.31 + 0.24
MG (mmHg) 5.18 + 1.97
PAP (mmHg) 341+ 10.7
SBP / DBP (mmHg) 121.6 + 19.6/74.8+ 8.7
HR (beats/min) 68.5 + 12.1

NYHA: New York heart association; NSR: normal sindsythm; A.fib: atrial
fibrillation; LVEF: left ventricular ejection fra@n; LAVI: left atrial volume index;
MVA: mitral valve area; MG: mean mitral pressuradjent; PAP: pulmonary artery

pressure; SBP: systolic blood pressure; DBP: diadttood pressure; HR: heart rate.



2. Changes of hemodynamics after oral sildenafil

There were no statistically significant changesystolic, diastolic blood
pressure, and heart rate after sildenafil admatisin (Fig. 1-2). Transmitral
mean pressure gradient and arterial oxygen sataratas also not changed
significantly after sildenafil (Fig. 3-4). Sildenlataused pulmonary artery
pressure to decline at baseline from 39.0 + 736t6 + 6.2 mmHg (p< 0.001),
at peak exercise from 72.4 + 15.3 to 62.0 + 12.5Hgn(p< 0.001), and at
recovery after exercise from 41.4 + 9.0 to 36.7.2®mHg (p< 0.001) (Fig.
5). The magnitude of reduction tends to be greattgreak exercise (13.2 +
12.6 %) than baseline (8.2 £ 9.3 %) (p=0.15). Sikdd also resulted in
significant PVR decrease from 0.22 £+ 0.09 to 0.10.6¥ (p=0.004) defined
as described above (Fig. 6). Cardiac output wasgsthfrom 4.0 + 2.8 to 4.3
+ 2.9 L/min, which was not statistically signifidaip=0.11).
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Figure 1. Responses of systolic blood pressure YSBI diastolic blood
pressure (DBP) to exercise before and after sifidea@ministration. Base: at
baseline; Peak: at peak exercise; Rec: at recdM@nmyinutes after exercise;

NS: non significant
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Figure 2. Response of heart rate (HR) to exercedere and after sildenafil
administration. Base: at baseline; Peak: at peakcese; Rec: at recovery 10

minutes after exercise; NS: non significant
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Figure 3. Response of mean mitral pressure gra{lié@) to exercise before
and after sildenafil administration. Base: at haselPeak: at peak exercise;
Rec: at recovery 10 minutes after exercise; NS:sigmificant
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Figure 4. Response of arterial oxygen saturatioh t®exercise before and

after sildenafil administration. Base: at baseliReak: at peak exercise; Rec:
at recovery 10 minutes after exercise; NS: nonifsogmt
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Figure 5. Response of pulmonary artery pressur®)®éexercise before and

after sildenafil administration. Base: at baseliReak: at peak exercise; Rec:

at recovery 10 minutes after exercise.
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Before Sildenafil After Sildenafil

Figure 6. Change of pulmonary vascular resistanéer asildenafil
administration at peak exercise. PVRecho= TRVAM (TRV: tricuspid
regurgitant velocity; TWyor: right ventricular outflow tract time-velocity
integral).
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3. Change of exercise capacity after oral sildenafil

There was a significant increase in exercise dundtom 403 + 115 to 442
*+ 115 seconds after sildenafil administration (02®) (Fig. 7). Sildenafil
also caused VOmax to increase from 15.3 + 6.5 to 18.3 + 4.9 giltkin
(p=0.016) (Fig. 8), and AT/VOmax to decrease from 17.5 + 9.9 to 23.6 +
12.6 % (p=0.014), which was statistically significa

700
650
600
550
500
450 |
400
350
300
250

200 L
Before Sildenafil After Sildenafil

Exercis« Duration (sec

Figure 7. Change of exercise duration after silieadministration. Each line
represents an individual's exercise duration valef@re and after sildenafil.
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Figure 8. Change of maximal oxygen consumption {¥@x, ml/kg/min)
after sildenafil administration. Each line reprasean individual's V@max
values after sildenafil

4. Adver se effects

No significant hemodynamic or other clinical adeeedfects were noted
with the sildenafil administration during this syud
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V. DISCUSSION

In this observational study, we evaluated the ahateodynamic effects of
oral sildenafil during supine bicycle exercise phtients with mitral stenosis
(MS), exercise can cause an inappropriate incréaspulmonary artery
systolic pressure beyond the changes in left ghrieésure. These changes in
the pulmonary vascular bed may also exert a pivteetffect.” because the
elevated precapillary resistance makes the develnprof symptoms of
pulmonary congestion less likely by tending to pr@vblood from surging
into the pulmonary capillary bed and damming upimelthe stenotic mitral
valve, but this protection occurs at the expensamoincreased afterload for
the right ventricle which limit the exercise capggcand ultimately lead to
right ventricular failure.

The exact mechanism of inappropriate increase ilmquary artery
pressure during exercise is not entirely underst@yte possible mechanism
is reversible vasoconstriction and increased puémprvascular resistance
(PVR) due to development of pulmonary edema andoddw hypoxia with
exercise. If elevated pulmonary vascular resistafi®¢R) was due to an
endothelium dependent regulation of pulmonary viasdone, then sildenafil
should be able to decrease PVR acutely. Howevéhgiincreased PVR was
predominantly due to fixed anatomic remodeling dfe t pulmonary
vasculature, then administration of sildenafil wbulot reduce PVR. In
present study, the immediate decline of PVR wasdaifter 1 hour of oral
sildenafil administration. This suggests that aersible, endothelium-
dependent regulatory abnormality of vascular ten@ni important mechanism
of elevated PVR in mitral stenosis.

In this study, the vasodilatory response of silfieneas restricted to the
pulmonary circulation as systolic, diastolic blopdessure, and heart rate
showed no significant change. We also observedtatistically significant
increase of cardiac output, which probably woulglaix the maintenance of

15



systemic blood pressure. Inconsistent results abtiatts of sildenafil on
cardiac output in primary or secondary pulmonarpdmension have been
reported in previous studié$!® The effect of selective vasodilation may be
due to the different distribution of phophodesteras(PDE-5) in different
vascular beds, PDE-5 is expressed abundantly ifutitevasculaturé High
levels of PDE-5 expression in pulmonary arteries/joles a good explanation
for the pulmonary selective vasodilative propertysitdenafil as observed in
this study.

Pulmonary hypertension and elevated PVR have begported as
independent risk factors for decreased survivalpatients with mitral
stenosig! Several investigators have examined the acutectsffef
percutaneous balloon valvuloplasty on PVR in pasiewith MS and
pulmonary hypertension. In most seri&&’ no significant change in PVR was
observed immediately after valvuloplasty despitsignificant decrease in
pulmonary artery systolic pressure and left atnehn pressure. In pulmonary
hypertension secondary to mitral stenosis, incetd®¢R may be due to a
combination of passive hydrostatic pressure, anataemodeling of the
pulmonary vasculature leading to decreased congdiamand or altered
endothleial-dependent vasculature tone (excesscoastiction or deficient
vasodilation). After valvuloplasty, the elementio€reased resistance due to
passive hydrostatic pressure is relieved, andighis minor component of
elevated PVR. The component of PVR due to chropressure-induced
anatomic remodeling of the pulmonary vasculatumikhbe essentially fixed
immediately after valvuloplasty. Beacause PVR is ¢citanged immediately
after valvuloplasty, anatomic remodeling has baeggssted as the dominant
factor in the regulation of PVR in patients withveee MS. However, when
selective vasodilator nitric oxide (NO) was admi@isd'' PVR was acutely
reversible, suggesting that physiologic regulatwmn vascular endothelial
dependent tone plays a critical role in the patlgsfaiiogy of elevated PVR in
patients with MS. Provocative testing with inhal@ in patients with severe

16



MS and pulmonary hypertension to determine thersgvitity of PVR may
prove useful for risk stratification before cardswargery or valvuloplasty. It
may also help to identify patients who may benéfadm postoperative
management with NO or other pulmonary vasodilatéfs.propose sildenafil
can be used more easily and safely as a substitutdO according to the
results of this study.

The improvement in exercise duration and@@x in the present study is
likely due to improvement in pulmonary hemodynanaos reduction in right
ventricular afterload. However, because we coultl agiiserve a significant
increase of cardiac output, the improvement of @gercapacity could not be
entirely explained. One possible explanation cohb&l improved arterial
oxygenation due to increased lung diffusing capaditer sildenafil
administration. In congestive heart failure, elevatof hydrostatic pressure,
enhancement of sodium transport across the capikgrdothelium, and
reduction in active fluid reabsorption by alveogithelium may concur to
facilitate alveolar interstitial fluid accumulaticand to limit gas exchange.
Improvement of lung diffusing capacity after ordtienafil administration in
congestive heart failure has been described iniquevstudy’ in which
sildenafil improved lung diffusing capacity for ban monoxide (Dko)
significantly, although hydralazine and nitrates failed to imprdeco in
other study despite a substantial pulmonary vaatiij activity’® Activation
of the release of substances such as endothelitimedeNO has been offered
as an explanation of this effects, because NO nabetilthe pulmonary
vascular permeability and can reduce the tissugpoasmt of resistance to the
oxygen transfer from the alveolus to hemoglobinthdligh we can not
validate this mechanism because we evaluated otdyial oxygen saturation
(%) by pulse oxymetry, not partial pressure of etydy arterial blood gas
analysis, improvement of exercise capacity aftiefesafil administration in
this study could be explained by greater nitricdexavailability, which results
in not only the diminished pulmonary vascular tbuoe also facilitation of gas

17



diffusion. Additionally, because previous study wid that sildenafil could
increase exercising muscle perfusion and improwgex diffusion from the
capillaries to mitochondria in peripheral tissie$, this can be another
possible explanation for mechanism of improved @ser tolerance after
sildenafil administration.

There are some limitations of this study. Becaumsg was a open-label,
non-randomized study, there was no control placgtoap and only small
number of patients studied. Another limitation dfetstudy was that
hemodynamic evaluation was performed by non-ineasnethods. Finally,
because the study evaluated acute effects of silitielong-term safety and
clinical significance can not be concluded frons thiiudy.

18



V. CONCLUSION

Sildenafil may improve exercise tolerance by mating pulmonary arterial
pressure and pulmonary vascular resistance witheddicing systolic and
diastolic arterial pressure in patients with moteta severe mitral stenosis.
Because of the efficacy, simplicity, and potenta$t savings of the oral PDE-
5 inhibitor, larger trials to determine long terffeet and clinical significance
is warranted.
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