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Abstract
Much has been learned about the pathophysiological state that underlies the development of increased
total body volume and edema in left ventricular failure. Very little, however, is known about the
mechanism underlying systemic hypervolemia in patients with isolated right ventricular dysfunction.
In this manuscript, we describe our randomized clinical trial to assess the relationship between
severity of pulmonary arterial hypertension and neurohormonal activation, total plasma volume and
renal function. We assess the role of aldosterone and vasopressin in volume retention in patients with
pulmonary arterial hypertension with right ventricular failure. As understanding of the pathogenesis
of left ventricular failure has been associated with improved therapies, the better understanding of
the mechanisms of isolated right ventricular cardiac failure will also lead to improved patient care.
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INTRODUCTION
Mechanism of Body Volume Regulation

A paradox exists in understanding cardiac failure. Specifically, patients with heart failure
exhibit increased total blood volume and yet their kidneys are retaining sodium and water. The
explanation is that the normal kidney does not respond to changes in total blood volume, but
rather responds to what has been termed effective arterial blood volume. In recent years this
term had been better defined (1–4). In general terms, approximately 85% of circulating blood
volume is in the low-pressure venous side of the circulation, whereas only 15% is in the high-
pressure arterial circulation. The integrity of the arterial circulation depends on cardiac output
and systemic vascular resistance and is modulated by arterial stretch baroreceptors in the
carotid sinus, aortic arch, and afferent arteriole of the glomerulus (5). Thus, despite an increase
in total blood volume, arterial underfilling can occur secondary to a decrease in cardiac output
in low-output heart failure or systemic arterial vasodilation in high-output heart failure. With
arterial underfilling secondary to either condition, arterial baroreceptor–mediated activation
of the neurohumoral axis occurs. The resultant increase in sympathetic nervous system (SNS)
activity and renin-angiotensin-aldosterone system (RAAS) lead to sodium retention, and the
increase in the non-osmotic release of arginine vasopressin (AVP) is associated with water
retention and hyponatremia in advanced left ventricular failure. Hyponatremia is a known risk
factor for increased mortality in both right and left cardiac failure patients (6,7).

There is also evidence that increased plasma AVP concentration with left ventricular failure
stimulates V1 vasopressin receptors on blood vessels, which contributes, along with
angiotensin II and the sympathetic nervous system, to increase systemic vascular resistance in
low-cardiac output failure (8). This arterial baroreceptor–mediated neurohumoral activation
maintains arterial pressure, but at the expense of renal vasoconstriction and sodium and water
retention. These arterial baroreceptor pathways override any of the low-pressure reflexes in
the atria during left ventricular failure. For example, normally an increase in transmural atrial
pressure normally suppresses AVP and stimulates atrial natriuretic peptide (ANP), which lead
to increased sodium and water excretion (9). With advanced left ventricular failure, however,
left atrial pressure rises, yet sodium and water retention occurs. This indicates that activation
of the arterial stretch receptors in cardiac failure predominates over any atrial-renal reflex.
There is also evidence that these normal atrial reflexes are blunted in patients with left
ventricular failure (10). An increase in the ventricular synthesis of brain natriuretic peptide
(BNP) also occurs in left ventricular failure and may attenuate the degree of renal sodium and
water retention by both suppressing the RAAS and SNS (11).

Right Ventricular Failure
Less is known about the mechanism underlying systemic hypervolemia in patients with
pulmonary arterial hypertension and isolated right ventricular dysfunction, in whom left
ventricular function is normal. The neurohumoral axis has been rarely studied in PAH with
right ventricular failure in humans. The present clinical study will focus on PAH. Induction of
early experimental models of right ventricular failure by graded valvular damage showed a
decrease in renal blood flow, preserved glomerular filtration rate (GFR), and intense sodium
and water retention (12). The underlying neurohormonal state in this model was not examined.
In spite of the presence of pulmonary artery baroreceptors, investigators have concluded that
when cardiac output is kept constant, pulmonary arterial distention has no direct effect on renal
hemodynamics (13,14). Thus, the renal hemodynamic changes and the retention of sodium and
water observed in patients with PAH may be mediated by systemic, rather than pulmonary,
arterial baroreceptors. One single study of patients with PAH showed increases in plasma
endothelin, ANP, and norepinephrine concentrations, but not in the plasma renin
concentrations. Plasma aldosterone and AVP concentrations were not assessed (15).
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Survival in patients with PAH and right ventricular failure correlates inversely with right
ventricular function and right atrial pressure (RAP). These right-sided parameters are
influenced by volume overload secondary to increase in sodium and water retention which
worsen survival. As in virtually every edematous disorder, secondary hyperaldosteronism may
be involved in right ventricular failure associated with PAH. Loop diuretics have been a
mainstay for the treatment of volume overload in both left and right-sided cardiac failure for
the past four decades. However, their use worsens this secondary hyperaldosteronism and may
lead to diuretic resistance (Figure 1)(16–18). Mineralocorticoid antagonists have been shown
to afford cardiovascular protection in patients who had left-sided heart failure receiving
angiotensin-converting enzyme inhibitors. In the Randomized Aldactone Evaluation Study
(RALES), improved survival in patients with left ventricular failure was demonstrated using
dosages of spironolactone (25 to 50 mg/d), which did not alter urinary sodium excretion (19).
In earlier studies in left ventricular failure, natriuretic doses of mineralocorticoid antagonists
have been shown to be effective and reverse the loop diuretic resistance without causing
hyperkalemia (20,21). In cirrhosis with portal hypertension and splanchnic vasodilatation,
another arterial underfilling state, mineralocorticoid antagonists are the primary diuretics used
to treat the sodium retention and ascites. The effective dosage of spironolactone correlates
directly with the plasma aldosterone concentration, thus patients with marked
hyperaldosteronism may require a daily dose up to 400 mg (22,23). Whether the natriuretic
doses of mineralocorticoid antagonists are beneficial for PAH patients with intact left
ventricular function but with right ventricular failure is not known.

The analysis of systemic and renal hemodynamics and activation of the neurohormonal axis
(SNS, RAAS, AVP) in patients with PAH with right ventricular failure has not heretofore been
undertaken. Moreover, the response to mineralocorticoid and vasopressin receptor antagonists
has not been investigated in PAH patients with sodium and water retention. On this background
we intend to study patients with PAH with right ventricular failure, who do not have left
ventricular dysfunction, to understand the pathophysiology of renal sodium and water
retention. This study will be undertaken in three parts with specific objective: for the first part
(cross-sectional) is to examine the association between severity of pulmonary arterial
hypertension and degree of neurohormonal activation; second part (acute) is to evaluate the
effect of spironolactone and conivaptan on the rate and amount of sodium and water excretion
respectively; and third part (cohort) is to evaluate the effect of chronic administration of
spironolactone on functional and hemodynamic parameters of pulmonary arterial hypertension.

HYPOTHESIS
Secondary hyperaldosteronism and the non-osmotic release of AVP are the major factors in
sodium and water retention in PAH with right ventricular failure. Natriuretic doses of
mineralocorticoid antagonist and aquaretic doses of V2 receptor antagonist will attenuate the
sodium and water retention, respectively, and be associated with clinical improvement. The
specific outcomes for each part are as follows:

1. Cross-sectional Study
• Primary—Estimate the correlation between severity of pulmonary hypertension and
neurohumoral activation, renal blood flow and total plasma volume.

1. Severity of pulmonary hypertension is assessed functionally by cardiac index (CI),
RAP, plasma BNP, 6 minute walk test, and WHO functional classification.

2. Neurohormonal activation is defined as (a) SNS: serum levels of epinephrine and
norepinephrine, (b) RAAS: plasma renin activity, angiotensin II, aldosterone, (c)
Plasma AVP, (d) Plasma BNP.
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• Secondary—Examine the correlations between mean pulmonary artery pressure (mPAP),
pulmonary vascular resistance; and neurohumoral activation, renal function and total plasma
volume.

2. Acute Study
• Primary

1. Effect of conivaptan on electrolyte-free water excretion

2. Effect of spironolactone on sodium excretion

• Secondary—Estimate the correlation between responses to these drugs and severity of
PAH.

3. Cohort Study
• Primary—Effect of 6 months administration of spironolactone on composite outcome of
CI, BNP and RAP.

• Secondary—Descriptive assessment of the effect of 6 months of spironolactone compared
to usual care on:

1. Occurrence of an adverse event defined as occurrence of PAH-related death,
hospitalization or early study discontinuation due to worsening PAH, need for
initiation of new PAH-specific therapy, lung transplantation, or atrial septostomy.

2. Change in 6 minute walk distance, mean pulmonary artery pressure, and pulmonary
vascular resistance.

3. Sodium and water balance: measured as change in body weight and sodium excretion.

4. Need for increased dose of loop diuretics or addition of another class of diuretics.

RESEARCH DESIGN AND METHODS
1. Organization of the Study

This study is an investigator initiated project and is conducted at the Clinical Translational
Research Center (CTRC) at University Hospital, Aurora, Colorado. The initial study protocol
was developed in 2007, and received approval by the Colorado Multiple Institutional Review
Board (COMIRB) in November, 2008 after revisions. A data safety monitoring board has been
established to review the progress of participants and any adverse events on quarterly basis.
The eligible patients are identified from Pulmonary Hypertension Clinic at University Hospital,
Aurora, Colorado. Once patients meet the inclusion and exclusion criteria, they are informed
of the study, and offered the opportunity to participate.

2. Inclusion and Exclusion Criteria
Inclusion and Exclusion Criteria are shown in Table 1. Eligible subjects of all ethnic groups,
of both sexes, range in age from 18 to 75 years, and have a documented history of WHO Group
1 advanced PAH, excluding patients with portal hypertension. Patients were considered to have
Group 1 advanced PAH when they have mPAP >35 mmHg at rest, pulmonary capillary wedge
pressure (PCWP) <15 mmHg, and pulmonary vascular resistance (PVR) >5 wood units. They
also need to have right ventricular failure defined by RAP >7 mmHg along with either dilated
right ventricle, or absence of inferior vena cava collapse or plasma BNP >100 pg/ml. Normal
left ventricular function needs to be present as assessed by echocardiogram, multiple gated
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acquisition (MUGA) cardiac scan, or invasive left ventriculography. Female patients of
childbearing age must be practicing effective birth control.

3. Overview
The proposed research includes baseline assessment of PAH patients’ neurohumoral axis,
systemic and renal hemodynamics. The second part consists of evaluating their response to
acute treatment with conivaptan and spironolactone. The third part of the research is an
assessment of the response to chronic (6 months) administration of spironolactone. A total of
26 PAH patients will be enrolled from the outpatient Pulmonary Hypertension Clinic, with the
expectation that at least 20 will provide complete data at the end of the 6-month intervention.

For the acute and cohort studies, patients will be randomly assigned to group 1 (intervention)
and group 2 (usual care) within each stratum of disease etiology (idiopathic PAH/non-
idiopathic PAH) and background prostacycline therapy (yes/no) in permuted blocks as they
are consented. This strategy reduces the confounding due to heterogeneity of the population.

1. Cross-sectional Study—All 26 patients have right heart catheterization for the baseline
pulmonary hemodynamics. The effective renal blood flow (RBF) and the total plasma volume
are measured by 99mTc-mercaptoacetyltriglycine (MAG3) renography and 51chromium labeled
autologous red blood cells respectively. A 6-minute walk test is done in all the patients to assess
the functional capacity. Blood is drawn after patients seated comfortably at least for 15 minutes
for basic metabolic panel, complete blood count, serum osmolarity, plasma epinephrine,
norepinephrine (NE), renin activity (PRA), aldosterone (PA), angiotensin (Ang II), AVP, and
BNP. The above tests and procedures are done to evaluate the association between PAH
severity and the degree of neurohormonal activation.

2. Acute Studies—Ten of 26 PAH patients, are admitted to the inpatient clinical translational
research center (CTRC). The patients are selected randomly in pairs from the same stratum
initial randomization list, so that in each pair, one will be group 1 and one group 2, and as
similar as possible. Patients are instructed to receive a diet containing 87 mEq (2.0 gm) of
sodium and 50 meq of potassium per day at least 2–3 days prior to admission. They continue
to take all their outpatient medications including diuretics and oxygen supplement. There
should not have been any changes in the dose of any medication over prior 2 weeks. Two
studies will evaluate the effect of conivaptan on water excretion (study 2a) followed by the
acute effect of spironolactone on sodium excretion (study 2b). Patients receive a standard diet
consisting of 2.0 gm of sodium and 2.0 liters of fluids per 24 hours during the CTRC admission.

On day 1 of admission, the tests and procedures mentioned in the cross-sectional study are
done in the inpatient setting in these 10 patients. Over next 2 days of admission, a cross-over
study of the effect of a single dose of conivaptan on electrolyte-free water excretion is
conducted. Treatment order will be randomly assigned. On study day 2, after the breakfast,
five patients receive conivaptan 20 mg intravenously over 30 minutes in addition to usual care,
and the other 5 receive usual care. All 10 patients receive a water load of 15 ml/kg orally over
30 minutes. Urine volume is collected over next 3 hours to calculate the percent of the water
load excreted over this period of time. Other than brief standing to void, subjects remain sitting
throughout the 3 hour period. Blood sample is withdrawn for serum sodium, AVP and
osmolarity before the conivaptan administration and again at 60 minutes after water load. Urine
osmolality, sodium and potassium concentrations are measured before conivaptan
administration and again at 1 and 2 hours after water load. The study is repeated on the
following day (study day 3), but patients cross over to receive the intervention (conivaptan or
usual care) that they did not receive on the previous day. The difference in urine volume and
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electrolyte-free water excretion in the conivaptan versus usual care conditions will be the
outcome measure.

Following completion of the water loading study (end of study day 3) the same 10 PAH subjects
receive spironolactone 200 mg orally plus usual care or usual care only (5 per group), based
on the randomization scheme described above. The following day (study day 4), these patients
are given a saline excretion test. Two hours after breakfast, with the subjects seated
comfortably, blood sample is drawn for basic metabolic panel, osmolarity, PRA, PA, Ang II,
AVP and NE along with urine sodium, potassium and osmolarity in all the 10 patients. Then,
an intravenous infusion of 3% NaCl at rate of 0.1ml/kg/minutes is infused for 30 minutes.
Urine is collected over next 4 hours to calculate the percent of sodium excretion. Blood sample
is withdrawn again at 4 hour.

The results of this test will be compared across the groups (spironolactone vs. usual care). The
sodium loading experiment is not done as a cross-over to avoid loading each patient twice.
Patients are observed for 7–8 hours after saline load for any adverse events and then are
discharged to be followed in the outpatient clinic in 1 week. Just before discharge, those 5
patients, who had received spironolactone a day prior, are started on 50 mg of spironolactone
orally daily (group 1) and the other 5 patients are on usual care (group 2).

3. Cohort Study—The 10 patients from the acute study continue with or without the
spironolactone treatment as assigned and become part of the cohort study. The remaining 16
patients are seen in CTRC outpatient clinic. The participants flow from one study to another
has been demonstrated in Figure 2. They get all the tests and procedures mentioned in cross-
sectional study as outpatient. Then they begin treatment with spironolactone 50 mg orally
(group 1, n=8) or usual care (group 2, n=8). All group 1 patients and the participants of the
acute study are seen at CTRC clinic within 1 week. They have history and physical examination
done. Basic metabolic panel is checked and if serum potassium and renal function remains
stable, the dose of spironolactone is increased to 100 mg po daily in group 1 patients. Group
1 patients return in 1 week for blood work to have basic metabolic panel, body weight, and
urine Na/K ratio to document renal affect of spironolactone. Dose of spironolactone is up
titrated to maximum of 200 mg/day in increments of 50 mg/week with a weekly check on serum
potassium and renal function. Group 2 patients do not have any further visit till month 3.
Afterwards all patients will be seen in clinic at month 3 and 6.

4. Stopping Rules
These rules are based on the occurrence of adverse events which are defined as below:

Reportable Adverse Events—Cross sectional study: adverse events from right heart
catheterization

1. Bleeding
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2. Infection

3. Blood clot

4. Ventricular arrhythmias

Acute Study: adverse events from saline and water loading, conivaptan and spironolactone

1. Weight change

2. Worsening of dyspnea

3. Increase in peripheral edema by 1 point on exam.

4. Increase in jugular venous pressure by 2 cm.

5. Decrease in renal function defined as serum creatinine increase of 1.5 times baseline
or 25% eGFR decrease from baseline.

6. Prolonged hospitalization

Chronic Study:

1. Hyperkalemia: Persistent serum potassium concentration of >5.5mEq/l for more than
2 weeks in spite of dietary K restriction, short term use of kayexalate, decreased dose
of spironolactone, increased furosemide dose and failure of 2 attempts to resume
spironolactone at any dose if it was discontinued.

2. Renal dysfunction related to spironolactone: Serum creatinine increase of 1.5 times
baseline or 25% eGFR decrease from baseline. Dr Bansal and Dr Schrier will be
responsible to decide if renal dysfunction is related to spironolactone.

Serious Adverse Events—Cross-sectional Study involving right heart catheterization

1. Stroke

2. Pulmonary Emboli

3. Life threatening ventricular arrhythmias

Acute Study

1. Weight change of more than 5 kg

Chronic Study

1. Life threatening hyperkalemia: Serum K >6.5 meq/L with EKG changes of
hyperkalemia.

2. Renal dysfunction requiring dialysis

Individual Stopping Criteria
1. Occurrence of any serious adverse event during cross sectional study will exclude

patient from undergoing the second right heart catheterization at the end of the study.

2. Weight gain of more than 5 kg at any point of time during acute study will exclude
the patient from the acute study.

3. Occurrence of any serious adverse event during chronic study will discontinue the
patient from the chronic study.
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Study Stopping Criteria
1. Occurrence of any serious adverse event during cross sectional study in ≥ 3 patients

will lead to discontinuation of the right heart catheterization procedure.

2. Occurrence of any serious adverse event during acute study in ≥ 3 patient will lead
to discontinuation of acute part of the study.

3. Occurrence of any serious adverse event during chronic study in ≥ 3 patients will
cause the discontinuation of the chronic study.

As the adverse events in the three parts of the studies are entirely unrelated to each other, only
that part of the study will be stopped if SAE occurs in 3 or more patients, not the entire study.

The DSMB panel will review the results of the baseline studies after 3 patients have completed
the CTRC inpatient stay, and again after all 7 and 10 patients. Three month results (serum
potassium, renal function, change in body weight and sodium excretion, BNP, WHO functional
class etc) will be summarized after 10 and after 20 complete the outpatient visits.

5. Risk Management
Saline and Water Load—These loadings can cause worsening of peripheral edema, and
rarely shortness of breath, ascites, pleural or pericardial effusion. This may occur in less than
1 in 100. Saline and water loading have been done previously in patients with right and left
side cardiac failure without any consequences, when they were already edematous and also off
diuretics (24–27). In our study, patients continue to take diuretics. We administer half of the
dose of saline compared to the dose given previously in patients with pulmonary hypertension
with right ventricular failure. These procedures are performed under investigator’s close
supervision. One faculty member from the Pulmonary Hypertension Group is also be available
on pager 24 hours a day and 7 days a week for the coverage of these patients.

In case of volume overload patients will be given intravenous furosemide. Patients requiring
intravenous furosemide will be excluded from the acute study.

Spironolactone—The most common adverse effect of spironolactone is hyperkalemia. With
the high dose it can occur more frequently. To avoid this problem, spironolactone is increased
by 50 mg/week from 50 to 200 mg/d. The plasma potassium concentration is carefully
monitored at least weekly till the stable dose is achieved. Dietary potassium restriction is
standard. The patients continue their loop diuretics and may have their dose increased so that
their kaliuretic effect will balance the potential increase in potassium caused by spironolactone.
We also do not enroll patients receiving ACE inhibitor or ARBs as they can contribute to
hyperkalemia.

The plan for management of hyperkalemia is as follows:

-Serum potassium 5.5–6.0 meq/l: Kayexalate will be started, and spironolactone dose will
either be decreased or discontinued depending on their dose at that time.

-Serum potassium more than 6.0 meq/l: An on site EKG will be done to determine cardiac
rhythm. In case of any arrhythmias, patient will be hospitalized and managed by standard
treatment. In absence of arrhythmias, kayexalate will be started and spironolactone dose
will either be decreased or discontinued depending on their dose at that time.

In either scenario, patient will come back to clinic for follow up and repeat blood draw in 3
days and again in a week and based on serum potassium at day 7, spironolactone in same or
reduced dose will be reinstituted. Patients will again be followed in 1 week. Patients will also
be reinstructed for low potassium diet.
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Renal dysfunction is the other side effect of spironolactone which occurs because of diuresis
and weight loss. Patients are monitored for their renal function along with serum potassium
concentration at least on a weekly basis. In case of renal dysfunction, a proper approach to
acute kidney injury will be applied with assessment of volume status, concurrent medications
and urine analysis. If spironolactone associated diuresis is thought to be the causative factor
for renal dysfunction, its dose will be reduced or discontinued. With any sign of hypovolemia,
a mild saline challenge may be offered. Spironolactone can cause gynecomastia in few patients.
Patients suffering from intolerable gynecomastia will be switched to mineralocorticoid
receptor blocker, eplerenone.

Patients with spironolactone related hyperkalemia and renal dysfunction will remain initially
in the study. However, if patients fail two attempts to resume the spironolactone in any dose,
they will be terminated from getting the intervention (spironolactone) but will continue to be
followed in the study, and will be included in intention to treat analysis at the end of the study.

6. Statistics
Sample Size Calculation and Data Analysis
Cross-sectional Study: Data for 26 subjects at baseline affords a reasonable level of power to
identify clinical parameters that correlate with disease severity. A sample of 26 gives 80%
power to detect univariate correlations of at least 0.52 in absolute value and 50% power for
correlations of at least 0.39; that is, a correlation of 0.39 will be significant at the 0.05 level.

Acute Studies: The subsets of 10 patients selected for the acute studies provide > 80% power
to detect differences of 1.2 SD in the spironolactone study (2-sample t test) and as small as 1
SD in the conivaptan study. These effects are smaller than those observed in the left heart
failure population. Hensen (20) administered 97 mmol/day to CHF patients; prior to
spironolactone (200 mg p.o. bid) administration, urinary Na+ excretion was 76±19.6 (mean ±
SD) mmol/day and on the second day of spironolactone administration Na+ excretion was 131
± 32 meql/day, an effect size of 1.77SD. Udelson et al (28) administered 20 mg IV conivaptan
or placebo to CHF patients; during the 12-hour study period, change in urine output and urine
osmolality were −11.3±100 mL/hr and −2.2± 165 mOsmol/kg (mean ± SD) in the control group
and 152.2±100 mL/hr and −249.8± 160 mOsmol/kg in the conivaptan group, effect sizes of
1.35 SD and 1.7 SD and respectively. These tests have not been reported in the PAH population.
The data from the crossover study will be analyzed using a mixed effect model with subjects
within sequence as a random effect, and treatment as fixed effects for the continuous endpoints.

Expected Improvement Rate in Cohort Study—Our primary goal is to demonstrate that
intervention with spironolactone is beneficial to PAH patients with right heart failure. If all 3
of the primary measures, CI, BNP and RAP, improve more in the spironolactone group than
the placebo group we can reject the null hypothesis of no difference between groups at the .
125 significance level, based on the exact binomial probability for 3 successes in 3 trials when
the true probability for success is .5. Another way to state this is that we will reject the null
hypothesis at the p=0.125 level.

7. Significance
Right ventricular failure patients are dying of volume overload. Yet, the mechanisms causing
increased sodium and water retention in these patients are not clear. A better understanding of
the mechanisms and role of mineralocorticoid antagonist and vasopressin antagonist in patients
with right ventricular failure will positively impact their care in future.
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Figure 1.
Mechanisms of diuretic resistance with potential benefit of mineralocorticoid antagonism.
Dotted line indicates inhibition.
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Figure 2.
Participants flow from one study to another.
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Table 1
Inclusion/Exclusion Criteria

Inclusion Criteria

1 Patients with WHO group 1 advanced pulmonary arterial hypertension (29), excluding patients with portal hypertension, meeting the following
hemodynamic parameters:

• Mean pulmonary artery pressure (mPAP) >35 mmHg at rest, and

• Pulmonary capillary wedge pressure (PCWP) <15 mmHg, and

• Pulmonary vascular resistance (PVR) >5 wood units, and

2 Age 18 to 75 years

3 Right ventricular failure defined by right atrial pressure >7 mmHg along with either dilated right ventricle, or absence of inferior vena cava collapse
or BNP >100 pg/ml

4 Patients of childbearing age must be practicing effective birth control.

5 Normal left ventricular function as assessed by echocardiogram, multiple gated acquisition (MUGA) cardiac scan, or invasive left ventriculography.

Exclusion criteria

1 Group 2–5 pulmonary hypertension as defined by WHO.

• Pulmonary hypertension with left heart failure (as assessed by echocardiogram, multiple gated acquisition (MUGA) cardiac scan, or
invasive left ventriculography).

• Pulmonary hypertension associated with lung disease and/or hypoxemia (e.g. chronic obstructive pulmonary disease, interstitial lung
disease, sleep disordered breathing, chronic exposure to high altitude, alveolar hypoventilation syndrome.

• Pulmonary hypertension due to chronic thrombotic and/or embolic diseases

• Miscellaneous such as sarcoidosis, compression of pulmonary vessels by adenopathy, tumor

2 Systemic hypertension, defined as a systolic pressure >140 mmHg or a diastolic blood pressure >r90mmHg

3 Patients taking angiotensin converting enzyme (ACE) inhibitor or angiotensin receptor blockers (ARBs)

4 Pregnancy

5 Chronic kidney disease (serum creatinine>2.5mg/dl, proteinuria >500 mg/day, hematuria)

6 Cirrhosis or portal hypertension

7 Inability to provide informed consent.

8 Allergy to conivaptan or spironolactone.

9 Active malignancy

10 Patients receiving spironolactone

11 Enrollment in other interventional studies.

12 Patients on HAART
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