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METHODS FOR THE TREATMENT OF
CARDIOVASCULAR CONDITIONS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit of U.S. Provisional
Application No. 61/786,766, filed Mar. 15, 2013, which is
hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002] This application generally relates to devices, sys-
tems, and methods for the treatment of cardiovascular condi-
tions.

BACKGROUND OF THE INVENTION

[0003] Hearts exposed to sustained hemodynamic overload
undergo molecular, cellular, muscular, and chamber morpho-
logic changes that are typically maladaptive and contribute to
progressive cardiac dysfunction and ultimately heart failure.
Pathophysiological stimuli that trigger such responses
include hypertension, valvular disease, neurohormonal
stress, and excessive chamber filling associated with a decline
in pump function. These trigger alterations in multiple cellu-
lar signaling and transcription pathways that induce muscle
cell growth, worsened function of the heart muscle, hyper-
trophic remodeling and cardiac dilation.

[0004] Enlargement of the heart is a chronic and progres-
sive condition that ultimately results in heart failure. Heart
failure affects over 5 million Americans, with more than
500,000 new diagnoses annually in the United States alone.
Heart failure remains the leading cause of death in the United
States. Improved methods for the treatment of cardiovascular
conditions, such as pulmonary hypertension and cardiac
hypertrophy, are urgently required.

SUMMARY OF THE INVENTION

[0005] Provided herein are methods and systems for the
treatment of cardiovascular conditions, including pulmonary
hypertension (PH), in subjects that are being treated with a
phosphodiesterase-5 (PDE-5) inhibitor.

[0006] For example, provided are methods of evaluating
the progression or improvement of a cardiovascular condition
in a subject being administered a treatment regimen that
includes a PDE-5 inhibitor, or predicting an outcome in a
subject being administered a treatment regimen that includes
PDE-5 inhibitor. Methods can include obtaining one or more
pulmonary arterial (PA) hemodynamic readings comprising a
PA hemodynamic waveform from the subject using an
implantable pressure sensor, processing the PA hemody-
namic waveform to obtain a cardiovascular parameter, and
comparing the cardiovascular parameter obtained from the
subject to a standard to determine or predict the progression
of the cardiovascular condition, the improvement of the car-
diovascular condition, the outcome ofthe cardiovascular con-
dition, or a combination thereof.

[0007] Once obtained, this information can be used, for
example by a clinician, to direct treatment of the subject’s
cardiovascular condition. For example, methods can further
include maintaining the treatment regimen administered to
the subject when the comparison indicates or predicts efficacy
of the treatment regimen for the treatment of the cardiovas-
cular condition in the subject, or altering the treatment regi-
men administered to the subject when the comparison indi-
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cates or predicts substandard efficacy of the treatment
regimen for the treatment of the cardiovascular condition in
the subject (e.g., worsening of the cardiovascular condition,
or no improvement in the cardiovascular condition).

[0008] The methods described herein can employ any suit-
able cardiovascular parameter. In some embodiments, the
cardiovascular parameter can be selected from the group con-
sisting of pulmonary arterial pressure (PAP), cardiac output
(CO), peripheral vascular resistance (PVR), total peripheral
resistance (TPR), and combinations thereof. The standard can
comprise one or more cardiovascular parameters previously
determined from the subject (e.g., a trend in a subject’s car-
diovascular parameter over time), a clinically relevant target
cardiovascular parameter for the subject, or a composite of
cardiovascular parameters previously determined from a plu-
rality of subjects (e.g., average values previously obtained
from a population of patients sharing one or more subject
characteristics with the subject).

[0009] Also provided are systems for practicing the meth-
ods described herein, including systems for evaluating the
progression or improvement of cardiovascular condition in a
subject being administered a treatment regimen that includes
a PDE-5inhibitor, or predicting an outcome in a subject being
administered a treatment regimen that includes PDE-5 inhibi-
tor. Example systems can comprise an implantable pressure
sensor (e.g., a pressure sensor implanted in the pulmonary
artery of a subject) configured to obtain a pulmonary artery
pressure waveform; a processor; and a memory operably
coupled to the processor. The memory can include computer-
executable instructions stored thereon that, when executed by
the processor, cause the processor to receive the one or more
PA hemodynamic readings obtained from the implantable
pressure sensor; process the PA hemodynamic waveform to
obtain a cardiovascular parameter; compare the cardiovascu-
lar parameter to a standard; and provide an output based on
the comparison of the cardiovascular parameter to the stan-
dard.

[0010] Example outputs can include indicators or predic-
tors of improvement or worsening of the cardiovascular con-
dition in the subject (e.g., probabilities, scores, subject status
indicators, trend values for cardiovascular parameters such as
PAP, CO, PVR and/or TPR, graphs plotting values for PAP,
CO, PVR and/or TPR, etc.), instructions for treatment (e.g,,
instructions or indicators to maintain the treatment regimen
that includes a PDE-5 inhibitor, instructions to alter the treat-
ment regimen, such as instructions to modify the administra-
tion protocol of the PDE-5 inhibitor, instructions to discon-
tinue use of the PDE-5 inhibitor, instructions to administer an
alternative therapeutic agent or regimen, etc.) or combina-
tions thereof.

[0011] The details of one or more embodiments are set
forth in the accompanying drawings and the description
below. Other features, objects, and advantages will be appar-
ent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a graph showing a mortality analysis of
subjects having been administered a PDE-5 inhibitor.

[0013] FIG. 2 are graphs showing mortality results in sub-
jects having been administered a PDE-5 inhibitor at different
PAP levels. These graphs show elevated mortality rates for
PH patients with elevated mean PAP.

[0014] FIG. 3 are graphs showing PA hemodynamic trends.
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[0015] FIG. 4 shows comparison between the PA hemody-
namic waveform obtained using right heart catheterization
(top) and CARDIOMEMS implantable pressure sensor (bot-
tom). The waveform obtained using RHC shows some undes-
ired whip or overshoot that is believed to exceed actual sys-
tolic and diastolic pressures and which can lead to error and
uncertainty. The CARDIOMEMS sensor waveform on the
bottom, in contrast, exhibits high-fidelity through its smooth
and undistorted waveform.

[0016] FIG.5is a graph showing rates ofhospitalization by
baseline PA mean pressures. This graph shows elevated hos-
pitalization rates with elevated mean PAP.

[0017] FIG. 6 is a block diagram of an embodiment of an
ambulatory system which can be used in conjunction with the
methods described herein.

[0018] FIG. 7 is an example computing device.
DETAILED DESCRIPTION
[0019] Provided herein are methods for monitoring, assess-

ing, treating, and for developing treatments for cardiovascu-
lar conditions, including pulmonary hypertension (PH), par-
ticularly in subjects being administered (i.e., undergoing
treatment with) a treatment regimen that includes a phos-
phodiesterase-5 (PDE-5) inhibitor.

[0020] PDE-5 (phosphodiesterase type 5) inhibitors block
the degradative action of PDE-5 on cyclic GMP in the smooth
muscle cells lining the arterial walls of the lungs. The subject
can be undergoing treatment with a treatment regimen that
includes any suitable PDE-5 inhibitor. PDE-5 inhibitors are
known in the art, and include, for example, avanafil, lodenafil,
mirodenafil, sildenafil, tadalafil, vardenafil, udenafil, zapri-
nast, and icariin. For example, in some embodiments, the
subject is being treated with a PDE-5 inhibitor selected from
the group consisting of sildenafil (e.g., sildenafil citrate, com-
mercially available under the trade name VIAGRA®), tad-
alafil (commercially available under the trade name CIA-
LIS®), vardenafil (commercially available under the trade
name LEVITRA®), or combinations.

[0021] Insome embodiments, the cardiovascular condition
can comprise PH. PH is a broad clinical term used to describe
pulmonary conditions which involve an increase in blood
pressure in the lung vasculature (i.e., the pulmonary artery,
the pulmonary vein, or the pulmonary capillaries). The
increase in blood pressure leads to shortness of breath, dizzi-
ness, fainting, and other symptoms, all of which are exacer-
bated by exertion. Eventually, PH can lead to chronic
hypoxia, heart failure, and death. According to current clini-
cal classification, PH is divided into five different categories
based on pathophysiological mechanisms, clinical presenta-
tion, and therapeutic methods. See Simonneau, et al. J. Am.
Coll. Cardio. 43(12) Suppl. S: 58-12S (2004). The five dif-
ferent types of PH include (1) PH associated with pulmonary
arterial hypertension (PAH); (2) PH associated with left heart
disease (LHD) (i.e., pulmonary venous hypertension); (3) PH
associated with lung diseases and/or hypoxemia (4) PH due to
chronic thrombotic and/or embolic disease; and (5) miscella-
neous pulmonary hypertension. In certain embodiments, the
cardiovascular condition can comprise PH associated with
LHD. In certain embodiments, the cardiovascular condition
can comprise PH associated with right heart disease.

[0022] Methods can involve obtaining one or more pulmo-
nary arterial (PA) hemodynamic readings comprising a PA
hemodynamic waveform from the subject using an implant-
able pressure sensor, and processing the PA hemodynamic
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waveform to obtain a cardiovascular parameter. Once
obtained, the cardiovascular parameter can be used to assess,
treat, and/or develop new treatments for the subject. For
example, the cardiovascular parameter obtained from the
subject can be compared to a standard. The methods can
optionally be used to evaluate the progress of the cardiovas-
cular condition in the subject, to predict an outcome in the
subject, to treat the subject, ot to develop a therapeutic regi-
men.

[0023] The method can include determining one or more
cardiovascular parameters from subject. Examples of suitable
cardiovascular parameters include pulmonary arterial pres-
sure (PAP), cardiac output (CO), peripheral vascular resis-
tance (PVR), total peripheral resistance (TPR), heart rate,
respiratory rate, dicrotic notch information, and combina-
tions thereof. In some embodiments, the cardiovascular
parameter can be selected from the group consisting of PAP,
CO, PVR, TPR, and combinations thereof. Other cardiovas-
cular physiological information can also be utilized in con-
junction with the methods described herein, including com-
binations of mechanical and chemical cardiovascular
parameters, such as pulse oximetry or blood oxygenation.

[0024] Once determined from the subject, cardiovascular
parameters can be compared to a standard. In some cases, the
standard can include one or more cardiovascular readings/
parameters previously determined from the same subject. For
example, the standard can optionally include a cardiovascular
parameter derived from a PA hemodynamic waveform
obtained from the subject using an implantable pressure sen-
sor. In certain embodiments, the standard can include a plu-
rality of cardiovascular parameters previously determined
from the subject. In this way, trends in one or more cardio-
vascular parameters (e.g., PAP, CO, PVR, and/or TPR) in the
subject can be monitored. These trends can optionally be used
to monitor the progression or outcome of the cardiovascular
condition in the subject. These trends can optionally be used
to assess the efficacy of the PDE-5 treatment regimen cur-
rently being administered to the subject.

[0025] For example, lowering or increased trend in certain
cardiovascular parameters, over time, in the subject can indi-
cated improvement in the condition of a subject being treated
with a PDE-5 inhibitor. In the case of a subject afflicted with
a cardiovascular condition, such as PH associated with LHD,
a lowering trend in PVR, PAP, or TPR, and/or a increased
trend in CO, over time in a subject can indicate or predict
improvement in the cardiovascular condition, indicate effi-
cacy of the PDE-5 treatment regimen for the cardiovascular
condition, or a combination thereof. This can also optionally
indicate improved outcome in the subject, such as, for
example, reduced hospitalizations, lower mortality, or lower
morbidity.

[0026] Conversely, an increased trend in PVR, PAP, or
TPR, or a lowering trend in CO, over time, can indicate or
predict progression of the cardiovascular condition in the
subject, predict worsening of the cardiovascular condition in
the subject, indicate suboptimal efficacy of the PDE-5 treat-
ment regimen for the cardiovascular condition, or a combi-
nation thereof. This can also optionally indicate a potentially
negative outcome in the subject, such as, for example,
increased hospitalizations, increased mortality, or increased
morbidity. Optionally, the predicted outcome is mortality
rate, wherein the mortality rate is either reduced or increased
for the subject.
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[0027] By way of anexample, if PAP is increased compared
to a standard, the mortality rate can be expected to be
increased. By way of another example, ifthe PAP is decreased
compared to a standard, the mortality rate can be expected to
be decreased. Optionally, the predicated outcome is hospital-
ization rate, wherein the hospitalization rate is either reduced
or increased for the subject. By way of an example, if PAP is
increased compared to a standard, the hospitalization rate for
the subject can be expected to be increased. By way of another
example, if PAP is decreased as compared to a control, the
hospitalization rate for the subject can be expected to be
decreased. A reduced expected hospitalization rate can result
from, for example, a reduction in hospitalizations for heart
failure.

[0028] In some cases, the standard can include one or more
cardiovascular readings/parameters previously determined
from one or more different subjects. In some embodiments,
the standard can include a composite of one or more cardio-
vascular readings/parameters previously determined from a
plurality of subjects (e.g., a population of subjects afflicted
with the same cardiovascular condition as the subject). In
some cases, the one or more cardiovascular readings/param-
eters previously determined from a plurality of subjects
include cardiovascular parameters derived from PA hemody-
namic waveforms obtained from the subjects using implant-
able pressure sensors.

[0029] In some embodiments, the standard may be pro-
vided in a database of stored cardiovascular physiological
information. Information on the database can comprise one or
more cardiovascular readings/parameters previously deter-
mined from a plurality of subjects correlated with at least one
of patient profile and demographic information (age, race,
gender, weight, and the like), medical history, medications,
classifications, diagnoses, and the like. Other information can
comprise at least one of patient episodes, such as surgeries,
catheterizations, changes in weight or medication that are
associated with a timestamp at entry, and the like. The
described methods can further comprise determining one or
more characteristics of the subject (termed “subject charac-
teristics”). The subject characteristics can be a physical,
physiologic, metabolic, chronological, disease state, drug
administration history, medical history, or genetic character-
istic. Methods can further involve accessing the database of
stored cardiovascular physiological information, querying
the database to identify one or more cardiovascular readings/
parameters previously determined from a plurality of subjects
sharing one or more subject characteristics with the subject,
selecting one or more cardiovascular readings/parameters
previously determined from a plurality of subjects sharing
one or more subject characteristics with the subject, and
deriving a composite of these cardiovascular readings/param-
eters (e.g., an average of these cardiovascular readings/pa-
rameters) that can be compared with the one or more cardio-
vascular parameters obtained from the subject.

[0030] Insome cases, the standard can also optionally be a
clinically relevant target value for a cardiovascular parameter
for the subject. For example, an optional clinical target stan-
dard is a PAP of about 25 mmHg. A clinically relevant target
value can be a value that is a normal value for the subject, or
apopulation of which the subjectis a member, or an improved
value for the subject, goal value for the subject, or any other
value determined by a health care professional managing the
subject. Optionally, the clinically relevant target for the car-
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diovascular parameter can be, for example, determined by a
health care professional treating or managing the subject.
[0031] Thus, trends in one or more cardiovascular param-
eters (e.g., PAP, CO, PVR, and/or TPR) in the subject can be
monitored relative to previous values from the subject, com-
posite values obtained from a population of analogous
patients, or to clinical target values that may optionally be
determined by a health care professional treating or managing
the subject. This can be done to evaluate the progress of the
cardiovascular condition in the subject, to predict an outcome
in the subject, to treat the subject, or to develop a therapeutic
regimen (e.g., for treating the subject, or for treating other
subjects having similar subject characteristics).

[0032] The trends can be used to determine if the subject is
improving. For example, a decrease in the one or more PAP
values compared to the standard PAP value, combined with
one or more increased or stable CO estimates compared to the
standard CO value can indicate or predict improvement of the
cardiovascular condition in the subject. In another example,
one or more stable PAP values compared to the standard PAP
value, combined with one or more increased CO estimates
compared to the CO standard value indicates or predicts
improvement of the cardiovascular condition in the subject.
[0033] Alternatively, a decrease in one or more CO esti-
mates compared to the standard CO value, combined with one
or more increased or stable PAP values compared to the
standard PAP value can indicate or predict worsening of the
cardiovascular condition in the subject. In another example,
an increase in one or more PAP values compared to the
standard PAP values, combined with a stable or decreased CO
value compared to the standard CO value indicates or predicts
worsening of the cardiovascular condition in the subject.
Optionally, trends in PAP values and trends in CO value are
used together to monitor progress or to predict outcome in a
subjects being treated with PDE-5 inhibitors. Optionally,
trends in PAP values and trends in CO value are used together
to assess the efficacy of a treatment regimen that includes a
PDE-5 inhibitors for the treatment of a cardiovascular condi-
tion, such as PH (e.g., PH associated with LHD).

[0034] In other examples, PAP value trends or CO value
trends are used independently to monitor progress or to pre-
dict outcomes in subjects being treated with PDE-5 inhibi-
tors, and/or are used independently to assess the efficacy of a
treatment regimen that includes a PDE-5 inhibitors for the
treatment of a cardiovascular condition, such as PH (e.g., PH
associated with LHD). By extension, other cardiovascular
parameters (e.g., PVR, and/or TPR values) can similarly be
employed in the methods described above.

[0035] In certain embodiments, trends in one or more car-
diovascular parameters (e.g., PAP, CO, PVR, and/or TPR) in
the subject can be monitored relative to previous values from
the subject, composite values obtained from a population of
analogous patients, or to clinical target values that may
optionally be determined by a health care professional treat-
ing or managing the subject to assess the efficacy of a treat-
ment regimen that includes a PDE-5 inhibitors for the treat-
ment of a cardiovascular condition, such as PH (e.g., PH
associated with LHD).

[0036] Example methods can include administering to a
subject having a cardiovascular condition a treatment regi-
men that includes a PDE-5 inhibitor; obtaining one or more
pulmonary arterial (PA) hemodynamic readings comprising a
PA hemodynamic waveform from the subject using an
implantable pressure sensor; and processing the PA hemody-
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namic waveform to obtain a cardiovascular parameter (e.g.,
PAP, CO, PVR, and/or TPR). Once obtained, the cardiovas-
cular parameter can be compared to a standard to assess the
efficacy of the treatment regimen, or to develop a treatment
regimen (e.g., for treating the subject, or for treating other
subjects having similar subject characteristics).

[0037] By way of example, comparison of a PAP value can
used to monitor the effect of the administered treatment regi-
men that includes a PDE-5 inhibitor on the cardiovascular
condition in the subject. A decrease in the one or more deter-
mined PAP values compared to a standard, for example a
decreasing trend in the subject’s PAP values, indicates a ben-
eficial effect of the administered treatment regimen on the
cardiovascular condition in the subject. An increase in the one
or more determined PAP values compared to a standard, for
example an increasing trend in the subject’s PAP values,
indicates no beneficial effect of the administered treatment
regimen on the cardiovascular condition in the subject.
[0038] Inthecase of CO, an example method forevaluating
the effect of atreatment regimen that includes a PDE-5 inhibi-
tor ona subject having a cardiovascular condition can include
administering a treatment regimen that includes a PDE-5
inhibitor to the subject and obtaining a pulmonary artery
pressure waveform from the subject. Cardiac output (CO) can
then be estimated using the pulmonary artery pressure wave-
form and compared to a standard value. The comparison of a
CO can used to monitor the effect of the administered treat-
ment regimen that includes a PDE-5 inhibitor on the cardio-
vascular condition in the subject. For example, an increase in
the one or more estimated CO values compared to a standard,
for example an increasing trend in the subject’s CO estimates,
indicates a beneficial effect of the administered treatment
regimen on the cardiovascular condition in the subject. A
decrease in the one or more estimated CO values compared to
astandard, for example a decreasing trend in the subject’s CO
estimated values, indicates no beneficial effect of the admin-
istered treatment regimen on the cardiovascular condition in
the subject.

[0039] Multiple cardiovascular parameters can be evalu-
ated in combinations. For example, the comparisons of PAP
and CO to standard, for example trends in both PAP and CO,
can used to assess the efficacy of a treatment regimen that
includes a PDE-5 inhibitors for the treatment of a cardiovas-
cular condition, such as PH (e.g., PH associated with LHD).
[0040] Thetrends can be used to determine the effect of the
administered treatment regimen on the cardiovascular condi-
tion in the subject (e.g., PH associated with LHD). For
example, a decrease in the one or more PAP values compared
to the standard, combined with one or more increased or
stable CO estimates compared to the standard can indicates a
beneficial effect of the administered treatment regimen on the
cardiovascular condition in the subject. In another example,
one or more stable PAP values compared to the standard,
combined with one or more increased CO estimates com-
pared to s standard indicates a beneficial effect of the admin-
istered treatment regimen on the cardiovascular condition in
the subject.

[0041] Alternatively, a decrease in one or more CO esti-
mates compared to the standard, combined with one or more
increased or stable PAP values compared to the standard can
indicate no effect or a detrimental effect of the administered
treatment regimen on the cardiovascular condition in the sub-
ject. In another example, an increase in one or more PAP
values compared to the standard, combined with a stable or
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decreased CO value compared to the standard indicates no
effect or a detrimental effect of the administered treatment
regimen on the cardiovascular condition in the subject.
[0042] By extension, other cardiovascular parameters (e.g.,
PVR, and/or TPR values) can similarly be employed in the
methods described above.

[0043] The administration of the treatment regimen that
includes a PDE-5 inhibitor, for example, the PDE-5 inhibitor
administered, dosage, timing, protocol, or the like, can be
modified or maintained after determining the effect of the
treatment regimen of the cardiovascular condition in the sub-
ject. For example, administration of the treatment regimen is
optionally maintained at its current dosage and or dosing
regimen when improvement is indicated. In another example,
the treatment regimen is changed, or the dosage or dosing
regimen modified when improvement is not indicated. In
another example, the information obtained on PAP, CO, or
both are used to determine an effective dosage or administra-
tion protocol for a PDE-5 inhibitor or to evaluate the same, for
example, in a clinical trial setting.

[0044] Therapeutic goals for the treatment of a cardiovas-
cular condition, such as PH (e.g., PH associated with LHD),
can optionally include lowering or maintaining PAP and/or
increasing or maintaining CO. Additional therapeutic goals
include reducing or maintaining PVR and/or reducing or
maintaining TVR. Optionally CO is increased while PAP is
reduced in the subject. Optionally, CO or PAP is increased
while PAP or CO is maintained respectfully.

[0045] Insome embodiments, the method includes altering
the treatment regimen administered to the subject. Altering
the treatment regimen administered to the subject can
include, but is not limited to, administering less of the PDE-5
inhibitor, administering more of the PDE-5 inhibitor, admin-
istering an alternative PDE-5 inhibitor, discontinuing the use
of the PDE-5 inhibitor, altering the timing of administration
of the PDE-5 inhibitor, administering one or more additional
therapeutic agents or regimens, or combinations thereof.
[0046] In some embodiments, altering the treatment regi-
men administered to the subject can include administering
one or more additional therapeutic agents or regimens. In
some embodiments, methods described herein can involve
identifying a candidate therapeutic agent for administration
to the subject. In some embodiments, information regarding
one or more candidate therapeutic agents or regimens may be
provided in a database, such as the database described above.
In certain embodiments, the one or more candidate therapeu-
tic agents or regimens can be correlated with one or more
subject characteristics, one or more cardiovascular param-
eters, one or more predicted effects of the candidate thera-
peutic agents or regimens, or a combination thereof. Methods
of identifying a candidate therapeutic can further comprise
determining one or more subject characteristics, accessing
the database described above, querying the database to iden-
tify one or more candidate therapeutic agents or regimens
based on one or more subject characteristics of the subject
being treated, one or more cardiovascular parameters, and/or
one or more predicted effects of the candidate therapeutic
agent or regimen (e.g., a desired treatment outcome or clinical
endpoint).

[0047] The methods can optionally be used to develop a
therapeutic regimen for a cardiovascular conditions, includ-
ing PH, particularly PH associated with LHD. The term
“develop” or “developing” or “development” as used herein
in reference to therapeutics are broad terms that include, by
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way of example and not limitation, prospective design, or
selection, of one or more potential therapeutic methods or
compounds, or retrospective study of one or more therapeutic
methods or compounds or design of studies of such therapeu-
tic methods or compounds. In this regard, to develop or devel-
opment of a therapeutic can include, for example, changes to
an active ingredient or formulation and also includes, for
example, study design for a therapeutic. Optionally, study
design is for a clinical trial and development of a study design
can include establishing trial metrics or trial durations.
[0048] Optionally, the therapeutic agent can be modified to
increase the indicated effect. For example, if the indicated
effect is desired (e.g., therapeutic efficacy for PH is
observed), the structure of the therapeutic agent can be modi-
fied to increase the indicated effect. The therapeutic agentcan
also be modified to decrease the indicated effect. For
example, if the indicated effect is not desirable, then the
structure of the therapeutic agent can be modified to decrease
the indicated effect. Moreover, an administration character-
istic of the therapeutic agent can be modified to increase or
decrease the indicated effect. The administration characteris-
tic can be selected from the group consisting of dosage
amount, number of doses, timing of doses, route of adminis-
tration, and total dosage. When the indicated effect is to be
increased or decreased, one or more portions of the therapeu-
tic agent responsible for the indicated effect can be deter-
mined. Optionally, a second therapeutic agent including the
one or more portions of the therapeutic agent responsible for
the indicated effect can be designed. In some embodiments,
the method includes altering the PDE-5 inhibitor adminis-
tered to the subject or optimizing the dose of the PDE-5
inhibitor administered to the subject to treat PH, particularly
PH associated with LHD.

[0049] Sensors

[0050] In the described methods, the cardiovascular physi-
ological readings are optionally obtained with a wireless sen-
sor implanted in the subject. Optionally, the implanted sensor
is a pressure sensor, which is optionally implanted in the
pulmonary artery of the subject. Optionally, the sensor lacks
percutaneous connections. Optionally, the sensor is energized
from an external source. Optionally, the sensor is a passive
sensor energized to return pressure readings by an electro-
magnetic field.

[0051] An effective system and sensor for measurement of
PA hemodynamic readings is the CARDIOMEMS (Atlanta,
Ga.) heart sensor. As described by U.S. Pat. No. 7,699,059
entitled “Implantable Wireless Sensor” and U.S. Pat. No.
7,679,355 entitled “Communicating with an Implanted Wire-
less Sensor,” these sensors are MEMS-based sensors that are
implanted in the pulmonary artery, more particularly in the
distal pulmonary artery branch and are configured to be ener-
gized with RF energy to return high-frequency, high-fidelity
dynamic pressure information from a precisely-selected loca-
tion within a patient’s body. Because of the nature of the
sensors described above, the PA pressure waveform is option-
ally obtained outside of a typical clinical evaluation environ-
ment. For example, the CARDIOMEMS sensor can provide
ambulatory measurements of hemodynamic parameters, such
as PAP, outside of a traditional hospital setting. “Ambulatory
measurements” refers to measurements that are made in nor-
mal daily-living situations where the patient is not bedridden
in a clinical setting. For example, sleeping (e.g., for studies
and therapies of sleep apnea), eating and exercise activities at
the home or work environments where RHC and other more
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invasive procedures are largely impractical and/or risky.
Ambulatory measurements of cardiovascular physiological
information can be more representative of living conditions
ofapatient who is suffering from a disease and/or undergoing
treatment via a therapeutic regimen. The CARDIOMEMS
sensor is non-invasive after implantation, facilitating ambu-
latory use. For example, in some embodiments, the PA wave-
form can optionally be obtained while the subject is exercis-
ing. Exercising can include any activity of the subject. For
example, exercise or exercising caninclude activities of daily
living, prescribed exercise, walking, biking, running or the
like. Optionally, the PA pressure waveform is obtained while
the subject is asleep.

[0052] In some embodiments, the cardiovascular physi-
ological readings comprise a high fidelity, real-time PA pres-
sure waveform which can be processed to obtain one or more
desired cardiovascular parameters. Cardiovascular wave-
forms obtained with the CARDIOMEMS sensor are
examples of “high fidelity” PA pressure waveforms.

[0053] As shown in FIG. 4, PA pressure waveforms mea-
sured using other methods, such as right heart catheterization
(RHC; top waveform), exhibit undesired whip or overshoot
that is believed to exceed systolic and diastolic pressures and
which can lead to error and uncertainty. In contrast, the CAR-
DIOMEMS sensor PA waveform (FIG. 4, bottom waveform)
exhibits high fidelity through its smooth and undistorted
waveform. For example, the dicrotic notch is clear and pro-
nounced compared to the RHC gold standard.

[0054] The CARDIOMEMS pressure sensor allows for
sampling rates of at least 2,000 samples per second without
fluidic artifacts, and can be collected without line occlusion,
which is the tendency of the line of a RHC to affect the
hemodynamic measurements, and a lack of distortion due to
movement that occurs in invasive procedures with long leads
or wires extending from the patient. The accuracy of the
CARDIOMEMS sensor data are also aided by the addition of
resistance effects to the basic Bernoulli model, using Wind-
kessel principles.

[0055] The high fidelity waveform is not subject to
mechanical artifact with movement, which is commonly
observed with conventional invasive blood pressure measure-
ments, using a fluid-filled catheter. Further, the implanted
sensor measures absolute pressure and the blood pressure
waveform is determined by subtraction of atmospheric pres-
sure, measured by the external measurement system. There is
no need for external alignment and leveling of a reference
transducer to perform measurements, as is required for con-
ventional invasive blood pressure measurement with a fluid-
filled catheter. These features make an implanted wireless
sensor especially well-suited for measuring hemodynamic
parameters without limitation to activity state or across
changes in activity state.

[0056] In some embodiments, cardiovascular physiologi-
cal readings are optionally obtained, for example during exer-
cise, using an ambulatory system. Referring now to FIG. 6, an
exemplary ambulatory system 100 is shown. The ambulatory
system 100 can include an ambulatory unit 102 and a base
unit 104. The ambulatory unit 102 and the base unit 104 can
be communicatively connected through a communication
link. This disclosure contemplates the communication link is
any suitable communication link. For example, a communi-
cation link may be implemented by any medium that facili-
tates data exchange between the ambulatory unit 102 and the
base unit 104 including, but not limited to, wired, wireless
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and optical links. Optionally, the communication link is a
wireless link. For example, the ambulatory unit 102 and the
base station 104 can be configured to communicate with each
other using a wireless communication protocol such as WiFi,
BLUETOOTH or ZIGBEE, for example. It should be under-
stood that other standard or proprietary protocols can option-
ally be used by the ambulatory unit 102 and the base station
104.

[0057] The ambulatory unit 102 includes an antenna 106,
an electronics unit 108 (e.g., RF processing unit), a power
source 110 (e.g., battery) and a telemetry circuit 112. Option-
ally, as discussed above, the ambulatory unit 102 can be the
external measurement system that is worn by the patient. The
antenna 106 is configured to inductively couple energy to a
sensor such as the implantable MEMS-based pressure sensor
discussed above, for example, and receive return signals from
the sensor. The return signals received at the ambulatory unit
102 via the antenna 106 can be processed by the electronics
unit 108. For example, the electronics unit 108 can be con-
figured to determine a pressure measurement from the signals
as described in U.S. Pat. No. 7,679,355, entitled “Communi-
cating with an Implanted Wireless Sensor.” As discussed
below, the processed signal can be transmitted the base unit
104 for storage and/or further processing. In its most basic
configuration, the electronics unit 108 can include a process-
ing unit and memory. The memory can optionally be volatile
or non-volatile memory or some combination of the two. The
processing unit can be configured to perform the arithmetic
and logic operations necessary for operation of the ambula-
tory unit 102. For example, the processing unit can be con-
figured to execute program code encoded in the memory.
Additionally, the power source 110 can provide power to the
other components of the ambulatory unit such as antenna 106,
the electronics unit 108 and the telemetry circuit 112. The
telemetry circuit 112 allows the ambulatory unit 102 to com-
municate with other devices such as the base unit 102, for
example, over the communication link. The telemetry circuit
112 can optionally include a transceiver and a microproces-
sor. Additionally, the transceiver and microprocessor can
optionally be the same component. It should be understood
that the ambulatory unit 102 discussed above is provided only
as an example and that the ambulatory unit 102 can include
more or less features than those discussed above.

[0058] Thebase unit 104 includes a telemetry circuit 114, a
data processing circuit 116, a network connection 118 and a
user interface 120. Optionally, the base unit 104 is a comput-
ing device such as desktop computer, laptop computer, tablet
device, etc. The telemetry circuit 114 is similar to the telem-
etry circuit discussed above and is therefore not discuss in
further detail below. In its most basic configuration, the data
processing unit 116 can include a processing unit and
memory. The memory can optionally be volatile or non-
volatile memory or some combination of the two. The pro-
cessing unit can be configured to perform the arithmetic and
logic operations necessary for operation of the base unit 104.
For example, the processing unit can be configured to execute
program code encoded in the memory. Additionally, the net-
work connection 118 allows the base unit 104 to communi-
cate with other devices. For example, the base unit 104 can
optionally be connected to a computer network such as a
LAN, WAN, MAN, etc. via the network connection 118.
Alternatively or additionally, the user interface 120 can
include one or more input device (e.g., keyboard, touch
screen, mouse, etc.) and/or output devices (e.g., display
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screen, speakers, printers, etc.). The above components are
well known in the art and are therefore not discussed in further
detail below. It should be understood that the base unit 104
discussed above is provided only as an example and that the
base unit 104 can include more or less features than those
discussed above.

[0059] Optionally, to allow effective monitoring of patients
while active (e.g., during exercise), the ambulatory unit 102
can be designed to be worn on the patient’s body. For
example, harnessing methods can be used to fix the ambula-
tory unit 102 properly to the patient. In one example imple-
mentation, the electronics unit 108 and battery 110 can be
contained within one or more pockets of a garment such as a
vest, for example. The electronics unit 108 and the battery 110
can optionally be combined into a single housing or can
optionally be housed separately. To provide for the adequate
signal integrity, the antenna 106 can be positioned in a fixed
position with respect to the sensor (e.g., the implanted
MEMS-based sensor). Positioning of the antenna 106 can be
flexible to provide for optimal coupling, and therefore, the
means of fastening the antenna 106 can provide options for
adjusting positioning. These options include movement of
antenna 106 physically to another location and/or adjusting/
tightening straps to move the relative location of a perma-
nently fixed antenna 106 to a more optimal position. Option-
ally, the antenna 106 can be sewn in place within a garment
such as a vest, or the antenna 106 can be fixed by some means
of a temporary fabric fastener such as hook and loop (e.g.,
VELCRO). Optionally, in the PH applications, the antenna
106 can be fixed on the patient’s back, for instance, over the
patient’s shoulder blade and can be communicatively con-
nected to the electronics unit 108 with a cable. Alternatively,
the antenna 106 can optionally communicate signals received
by the antenna 106, for example, over a short range, directly
to the base unit 104. In other words, the base unit 104 can be
configured to determine a pressure measurement from the
signals as discussed above. As discussed above, the ambula-
tory unit 102 can communicate with the base unit 104 over the
communication link, which can be a wireless communication
link, for example. The ambulatory unit 102 can optionally be
worn by the patient who is located remotely from the base unit
104. The ambulatory unit 102 can communicate data includ-
ing, but not limited to, data read from the sensors (e.g., the
implanted MEMS-based sensors), diagnostic data from the
ambulatory unit 102 and barometric pressure. The diagnostic
data can include status information such battery status, tem-
perature, etc. This disclosure contemplates that the base unit
104 can communicate with a plurality of ambulatory units at
the same time. For example, a plurality of patients, each
having an ambulatory unit, can be monitored at the same time.
Transmission/reception of data between the base unit 104 and
aplurality of ambulatory units can be synchronized to prevent
interference. In one implementation, the base unit 104 can
control synchronization. For example, each ambulatory umt
102 can be associated with a unique identifier, and the base
unit 104 can poll a specific ambulatory unit using its unique
identifier to initiate communication. In other words, the base
unit 104 can be configured to send a message to an ambula-
tory unit, and the ambulatory unit can “wake up” and com-
municate with the base unit 104 upon receipt. Alternatively,
the plurality of ambulatory units can control synchronization.
For example, each of the ambulatory units can be configured
to monitor communications between the other ambulatory
units and the base unit 104. The base unit 104 can have a
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predetermined duty cycle for transmission and reception
(e.g., a predetermined transmit-read cycle). The predeter-
mined duty cycle can optionally be 10 microseconds. The
base unit 104 can therefore be repeatedly available to receive
communications at specified times. It should be understood
that the predetermined duty cycle can be more or less than 10
microseconds. The plurality of ambulatory units can synchro-
nize their respective wake periods (e.g., communication peti-
ods) into a predetermined order. Alternatively or additionally,
the plurality of ambulatory units 102 can agree upon a syn-
chronization order through a networking algorithm. This can
optionally be achieved through direct communication from
the base unit 104 (e.g., a star network) or through ambulatory
unit to ambulatory unit communication in a repeater pattern
(e.g., a mesh network).

[0060] Optionally, the ambulatory unit 102 can be config-
ured to use one or more duty cycle sequences (e.g., ON/OFF,
wake/sleep, etc.) to reduce power requirements. By reducing
the power drawn by the ambulatory unit 102, the useful bat-
tery life can be extended. In other words, the ambulatory unit
102 can operate for a longer period of time without re-charg-
ing its power source 110. The ambulatory unit 102 can be
configured to have a “wake” mode in which the ambulatory
unit 102 is capable of communicating and/or is communicat-
ing with the base unit 104 and a “sleep” mode where its power
requirements are reduced. Optionally, in the sleep mode, the
ambulatory unit 102 can operate in a lower power state such
that power is supplied only to components necessary to
“wake-up” the ambulatory unit 102. For example, the telem-
etry circuit 112 can optionally be configured to send a mes-
sage to the ambulatory unit 102 to initiate the wake mode. The
wake mode-sleep mode cycle can define the duty cycle
sequence.

[0061] Alternatively or additionally, the ambulatory unit
102 can be configured to implement an intra-sample duty
cycle, which can be provided to decrease power requirements
of the ambulatory unit 102. The intra-sample duty cycle can
be reduced to minimize transmission power of the ambulatory
unit 102. The intra-sample duty cycle can optionally be the
amount of time the ambulatory unit 102 communicates with/
transmits data to the base unit 104 during its wake mode. The
intra-sample duty cycle can be optimized for the Q of the
sensor (e.g., the implanted MEMS-based sensor) and/or the
apparent power of the return signals received from the sensor.
Forexample, the ambulatory unit 102 can optionally optimize
the amount of time it communicates with/transmits to the
base unit 104. The ambulatory unit 102 can optionally be
configured to monitor the amplitude of the return signals
received from the sensor and reduce the amount of transmis-
sion time (e.g., on-time) while the amplitude of the return
signal is below a specified threshold. The specified threshold
can correspond to a minimum signal to noise ratio. The ambu-
latory unit 102 can be configured to reduce transmission time
when the signal to noise ratio of the return signal is low
because useful data might not be recovered due to the low
return signal strength. Additionally, the ambulatory unit 102
can be configured to monitor the amplitude of the return
signals received from the sensor and increase the amount of
transmission time (e.g., on-time) while the amplitude of the
return signal is above a specified threshold. The base unit 104
can initiate the reading process by accepting the parameter
information specific to the patient’s sensor, reading param-
eters (such as length of readings, sample rates, and frequency
ranges, etc.) and patient demographic information. The base
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unit 104 can then communicate the set-up parameters to the
ambulatory unit 104, which initiates the reading process. The
base unit 104 can also be configured to display the signal
strength from the coupled sensor, for example, on the user
interface 120. The base unit 104 can optionally be configured
to initiate a frequency scan to locate the sensor within a
prescribed frequency range if the signal strength is weak.
Additionally, the base unit 104 can also be configured to
calculate the pressure measured by the sensor given a cali-
brated pressure sensor during the measurements. The base
unit 104 can also be configured to handle data acquisition
requests by acquiring several seconds of measured pressure
data, which can include systolic, diastolic, pulse, cardiac
output and/ormean pressure values for the acquisition period.
The base unit 104 can also be configured to store data to
memory. Alternatively or additionally, the base unit 104 can
also be configured to communicate data such as the wave
form and cardiac output, systolic, diastolic, pulse and mean
pressure data to a remote computer, for example, a data server
ofamonitoring system. As discussed above, the base unit 104
network connectable. Optionally, the base unit 104 can be
configured to perform the above functions in real-time.
Optionally, the base unit 104 can be configured to perform the
above functions on a single patient or multiple patients either
simultaneously or in succession.

[0062] The data from the readings can optionally be
accessed and/or analyzed remotely, for instance, through and
application accessed through a network (e.g., the Internet) or
through an application resident on the base unit 104. The
application can allow a user to access data from individual
readings or access historical data from individual patients.
The application provides the ability to track trends of physi-
ological measurements and associates those trends with
events, activity information, other physiological data and
medication changes. this data can then be used by a clinician
to more effectively treat the patient’s disease state.

[0063] The ambulatory system can be used to obtain PA
hemodynamic readings as part of any of the methods
described herein. In certain embodiments, the ambulatory
system is used to obtain ambulatory PA hemodynamic read-
ings from a patient (e.g., while the patient is exercising)

[0064]

[0065] Cardiovascular parameters can be determined by
analysis of the PA pressure waveform to determine the aver-
age maximum waveform values for systolic PAP, average
minimum waveform values for diastolic PAP, and average of
all waveform values for mean PAP.

[0066] Heart rate is optionally determined in the following
manner: The timing of repetitive relevant hemodynamic
events within the cardiac cycle, such as optionally the average
time interval between consecutive systolic or diastolic pres-
sure values, is used to determine the average time interval
between beats. The average time interval between beats is
optionally used to determine the average heart rate as 60
(s/min.)/average time interval between beats (s/beat) to deter-
mine the average heart rate in beats per minute.

[0067] Cardiac output (CO) is estimated based on the pul-
monary arterial pressure waveform using the following
approach. For each cardiac cycle, the pulmonary arterial pres-
sure waveform P(t), comprised of an array of consecutive
discrete paired pressure (p) and time (t) values, P(t)={(p.t,),
(p2:2) . . . },is optionally analyzed to identify the following
relevant reference pressure and time points for each beat:

Obtaining Cardiovascular Parameters
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[0068] P1,T1 pressure and time at start of systole and end
of diastole.
[0069] P2,T2 pressure and time at end of the RV incident

wave/beginning of reflected wave indicated as first ups-
lope pressure incisura after the systolic upslope dP/dT
max or alternatively at the maximum of the pressure
beat.

[0070] P3,T3 pressure and time at end of systole/end of
outflow demarcated by the dicrotic notch/pulmonic
valve closure.

[0071] Optionally the pressure waveform features associ-
ated with the RV incident pressure wave, and time parameters
during systole are used to determine a proportional estimation
of stroke volume.

[0072] Theproportional estimate of stroke volume for each
beat, can be determined in a variety of ways, including but not
limited to the following:

[0073] a.P2-P1

[0074] b.VP2

[0075] c.vV(P2-P1)

[0076] d. V(average(P2,P3))

[0077] e.VP2x(T3-TI1)

[0078] £ V(P2-P1)x(T3-T1)

[0079] g V(average(P2,P3))x(T3-T1)

[0080] h. VP2x(T3-T2)

[0081] i.V(P2-P1)x(T3-T2)

[0082] j.V(average(P2,P3))x(T3-T2)

[0083] k. dP/dT max value between T1 and T2

[0084] 1. Integration of P(t)-P1, from T1 to T2.

[0085] m. Integration of the first derivative of the pres-

sure waveform, dP(t)/dT, from T1 to T2.

[0086] n. Integration of V(P(t)-P1), from T1 to T2.

[0087] o. Integration of VAP(t)/dT, from T1 to T2.
Alternatively, for estimates which integrate pressure changes
over time and which have a downstream reference pressure (P
1) (1 and n) may be replaced in the equation with a value that
gradually increases as the pulmonary vasculature volume
increases during filling along the line that is defined by end-
points P1,T1 and P3,T3, according to the equation;

P(t)p1,11 c0 23,13 7P 1H[(P3-POI(I3-T1)|x(-T1)

Accordingly, the proportional estimate of stroke volume can
also be performed as follows:
[0088] p. Integration of P()-P(0) 21 71 0 3,73 from T1 to
T2.
[0089] q. Integration of V(P()-P(t) 21 71 10 p3,73)); from
T1 to T2.
Alternatively, for estimates that integrate pressure changes or
the square root of pressure changes over time (1, n, p, and q),
integration over the timeframe from T2 to T3 may also be
included, with exclusion of the portion of the waveform
which is attributed to the reflected wave. The reflected portion
of the waveform is delineated by the line defined by endpoints
P2,T2 and P3,T3, defined by the equation;

P(Op2,12 r0 p3,13) 72+ [(P3-P2)(I3-T2)]x(-12)

Accordingly, the proportional estimate of stroke volume can
also be performed as follows:
[0090] r. Integration of P(t)-P1, from T1 to T2 plus inte-
gration of P()) 2,5 1 #3,r3-FP1 from T2 to T3.
[0091] s. Integration of v (P()-P1), from T1 to T2 plus
integration of V(P(t) s, 72 o p3,75;-P1) from T2 to T3.
[0092] t. Integration of P()-P(D5) 11 10 p3,731 from T1 to
T2 plus integration of P(0);22.72 4 pa,37POip1,11 20
3,731 from T2 to T3.
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[0093] . Integration of V(P()~P(t)p1 71 1o p3,737)s from
T1 to T2 plus integration of V(P(tps 12 1 £3.73~P)p0,
71 70 P3,731) from T2 to T3.
[0094] A proportional estimate of stroke volume (SV,,,,,
est). s determined as the average of the compiled proportional
estimates from at least one cardiac cycle. The duration or
number of cardiac cycles for the averaging window can be
configured as appropriate to the application. The minimum
average length preferably exceeds the length of at least one
respiratory cycle in order to average variation attributable to
the respiratory cycle.
[0095] A proportional estimate of cardiac output is deter-
mined by multiplying the average proportional estimate of
stroke volume by the measured average heart rate.
[0096] An initial reference cardiac output measurement is
performed for method calibration, typically during the sensor
implantation procedure using a clinically accepted measure-
ment method such as thermodilution, modified Fick, or Fick.
During the same measurement session, one or more wireless
pulmonary arterial pressure waveform readings are collected.
An initial patient specific constant term (A,) is calculated as
the ratio of the reference cardiac output measurement and the
proportional estimate of cardiac output determined during the
same measurement session. This initial patient specific con-
stant term indirectly determines the effects of other relevant
parameters such as the RV outflow tract cross sectional area
(CSA) and the initial characteristic impedance during the
calibration measurements (Z,,,); A=CSAxZ, .. This initial
patient specific constant term is used as a calibration factor
that is multiplied by the proportional estimate of cardiac
output to produce the initial estimated cardiac output value;

COZ:tﬁZo,i:AoXS\Ipmp.estXHR'
[0097] As a corollary to Ohm’s law for electrical circuits,

the relationship between pressure changes (AP) and flow (Q)
1s governed by flow impedance (Z); AP(t)=Z(t)xQ(t). Thus,
the pressure based proportional estimate of stroke volume and
cardiac output is valid only without relevant changes in
impedance. This assumption is valid during short term assess-
ments, as would be the case during an initial calibration
reading of, for example, 18 s length. However, flow imped-
ance may change over longer timeframes between readings.
For this reason, also accounting for changes in impedance
between readings is expected to yield improved model pet-
formance.

[0098] Flow impedance has frequency and non-frequency
dependent components.

[0099] The frequency dependent components of imped-
ance are primarily associated with reflected, propagated pres-
sure waves which dynamically influence the relationship
between pressure and flow. These frequency dependent
effects are incorporated into the model through the previously
presented use of the first upslope incisura as the T2 timepoint
in the initial stroke volume estimate. For example, more
prominent reflected pressure waves or faster pressure wave
propagation associated with increased pulmonary vascular
impedance results in an earlier first upslope incisura, which
reduces the proportional estimate of stroke volume. Con-
versely, less prominent reflected pressure waves or slower
pressure wave propagation associated with reduced pulmo-
nary vascular impedance results in a later first upslope inci-
sura, which results in an increased proportional estimate of
stroke volume.

[0100] In one example, changes in the non-frequency
dependent, characteristic impedance after initial calibration
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are incorporated in order to achieve improved accuracy in the
stroke volume and cardiac output estimates without need for
recalibration over extended timeframes.

[0101] The physiological basis for the non-frequency
dependent impedance change estimate, hereafter described as
impedance change, AZ(t), is presented as follows. The input
stroke volume is a bolus injection that is introduced into the
pulmonary vasculature during a minor portion of the total
cardiac cycle, indicated by the timeframe from start of systole
to the first upslope incisura (T2-T1). Conversely, the outgo-
ing stroke volume leaves the pulmonary vascular through the
pulmonary capillaries approximately continuously through-
out the entire cardiac cycle. During the relatively short input
stroke volume timeframe, a minor portion of the pulmonary
vascular blood volume leaves the pulmonary arterial vascu-
lature through the pulmonary capillary beds, approximately
(T2-T1)/(Time interval between beats), approximately
<10% of the total outgoing stroke volume. Accordingly,
changes in resistance have only a minor impact on the char-
acteristic impedance during the short T2-T1 timeframe, and
the pulmonary vasculature during the T2-T1 timeframe can
be fairly approximated as a closed system, with the major
component of characteristic impedance determined by the
pulmonary vascular compliance, AV/AP.

[0102] With increased mean, systolic, or diastolic average
pulmonary arterial pressures, the pulmonary arterial wall
strain modulus increases, and compliance decreases in a pre-
dictable manner, due to the mechanical properties of the
pulmonary vessels. (Pasierski T J, CHEST 1993). Based on
this relationship, changes in mean, systolic, or diastolic aver-
age pulmonary pressures from baseline to a follow-up mea-
surement can be used to infer proportional changes in imped-
ance from baseline values.

[0103] The relationship between average pulmonary arte-
rial pressure changes and proportional impedance changes
was determined heuristically using data obtained from 54
NYHA Class TIT Heart Failure patients with 116 follow-up
sets of reference cardiac output measurements and wireless
pulmonary arterial pressure measurements performed a
meanzst. dev. (min., max) of 463+422 (48, 1281) days post
implant. The estimated Cardiac Output for follow-up mea-
surements was determined using the initially determined con-
stant term from baseline (A,), which does not account for
changing impedance: CO =AXSY o esHR. The
effect of changing impedance was inferred using a scatter plot
of the proportional residual error at follow-up, defined as
(CO%s; 20,~CO,H/CO,,, 4, Vs. changes in average pulmo-
nary arterial pressure from baseline. There was an observed
trend of residual error with respect to mean pressure changes
for mean pressure changes in the provided example. The
pattern of residual error as a function of mean pulmonary
arterial pressure change over the threshold value from base-
line to follow-up, AmPAP, was characterized using an expo-
nential regression, with constant term coefficient, B=-0.025,
by the following equation:

est-Zo,i*

Curve fit for proporticnal residual error at follow-up=
(COL_7,-CO,)/CO,,_z,=—e P A PP=] -

0.025xAmPAP)

Predicted residual etror=CO,,, 7,-CO,,~CO,,, 7%
(1= 0-025xamP4Py)
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In order to incorporate the impedance change effect, the pre-
dicted residual error is subtracted from CO,, », , to produce a
CO estimate with impedance change effects incorporated,

Coesz;Z(t)'

O, 2(07CO,;_7,,~CO,,, 7, X(1-¢!0F>xEnPAD)

=COp;_ggxe 2D

[0104] Finally, it should be noted that model coefficients,
suich as but not limited to the mean pressure threshold value
and exponential curve fit coefficient (B), can be used to opti-
mize results based on best fit for a given population or indi-
vidual patient, using sets of pressure waveform data and CO
reference values measured at more than one time with rel-
evant CO change between measurements.
[0105] Pulmonary vascular resistance can be calculated
from cardiac output (CO) and mean arterial pressure (MAP).
For example, PVR is given by:

PVR=(MPA-PAW)x80/CO

[0106] wherein MPA is mean pulmonary artery pressure
and PAW is pulmonary artery wedge pressure.

[0107] Systems

[0108] It should be appreciated that the methods and asso-
ciated signal processing and logical operations described
herein can be implemented (1) as a sequence of computer
implemented acts or program modules (i.e., software) run-
ning on a computing device, (2) as interconnected machine
logic circuits or circuit modules (i.e., hardware) within the
computing device and/or (3) a combination of software and
hardware of the computing device. Thus, the methods and
associated signal processing and logical operations discussed
herein are notlimited to any specific combination of hardware
and software. The implementation is a matter of choice
dependent on the performance and other requirements of the
computing device, Accordingly, the methods and associated
signal processing and logical operations described herein are
referred to variously as operations, structural devices, acts, or
modules. These operations, structural devices, acts and mod-
ules may be implemented in software, in firmware, in special
purpose digital logic, and any combination thereof. It should
also be appreciated that more or fewer operations may be
performed than shown in the figures and described herein.
These operations may also be performed in a different order
than those described herein.

[0109] When the methods and associated signal processing
and logical operations described herein are implemented in
software, the process may execute on any type of computing
architecture or platform. For example, referring to FIG. 7, an
example computing device upon which embodiments of the
invention may be implemented is illustrated. The computing
device 800 may include a bus or other communication mecha-
nism for communicating information among various compo-
nents of the computing device 800. In its most basic configu-
ration, computing device 800 typically includes at least one
processing unit 806 and system memory 804. Depending on
the exact configuration and type of computing device, system
memory 804 may be volatile (such as random access memory
(RAM)), non-volatile (such as read-only memory (ROM),
flash memory, etc.), or some combination of the two. This
most basic configuration is illustrated in FIG. 7 by dashed line
802. The processing unit 806 may be a standard program-
mable processor that performs arithmetic and logic opera-
tions necessary for operation of the computing device 800.
[0110] Computing device 800 may have additional fea-
tures/functionality. For example, computing device 800 may
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include additional storage such as removable storage 808 and
non-removable storage 810 including, but not limited to,
magnetic or optical disks or tapes. Computing device 800
may also contain network connection(s) 816 that allow the
device to communicate with other devices. Computing device
800 may also have input device(s) 814 such as a keyboard,
mouse, touch screen, antenna or other systems configured to
communicate with a device configured to obtain a pulmonary
artery pressure waveform from a subject, etc. Output device
(s) 812 such as a display, speakers, printer, etc. may also be
included. The additional devices may be connected to the bus
in order to facilitate communication of data among the com-
ponents of the computing device 800. All these devices are
well known in the art and need not be discussed at length here.

[0111] The processing unit 806 may be configured to
execute program code encoded in tangible, computer-read-
able media. Computer-readable media refers to any media
that is capable of providing data that causes the computing
device 800 (i.e., a machine) to operate in a particular fashion.
Various computer-readable media may be utilized to provide
instructions to the processing unit 806 for execution. Com-
mon forms of computer-readable media include, for example,
magnetic media, optical media, physical media, memory
chips or cartridges, a carrier wave, or any other medium from
which a computer can read. Example computer-readable
media may include, but is not limited to, volatile media,
non-volatile media and transmission media. Volatile and non-
volatile media may be implemented in any method or tech-
nology for storage of information such as computer readable
instructions, data structures, program modules or other data
and common forms are discussed in detail below. Transmis-
sion media may include coaxial cables, copper wires and/or
fiber optic cables, as well as acoustic or light waves, such as
those generated during radio-wave and infra-red data com-
munication. Example tangible, computer-readable recording
media include, but are not limited to, an integrated circuit
(e.g., field-programmable gate array or application-specific
1C), a hard disk, an optical disk, a magneto-optical disk, a
floppy disk, a magnetic tape, a holographic storage medium,
a solid-state device, RAM, ROM, electrically erasable pro-
gram read-only memory (EEPROM), flash memory or other
memory technology, CD-ROM, digital versatile disks (DVD)
or other optical storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices.

[0112] In an example implementation, the processing unit
806 may execute program code stored in the system memory
804. For example, the bus may carry data to the system
memory 804, from which the processing unit 806 receives
and executes instructions. The data received by the system
memory 804 may optionally be stored on the removable stor-
age 808 or the non-removable storage 810 before or after
execution by the processing unit 806.

[0113] Computing device 800 typically includes a variety
of computer-readable media. Computer-readable media can
be any available media that can be accessed by device 800 and
includes both volatile and non-volatile media, removable and
non-removable media. Computer storage media include vola-
tile and non-volatile, and removable and non-removable
media implemented in any method or technology for storage
of information such as computer readable instructions, data
structures, program modules or other data. System memory
804, removable storage 808, and non-removable storage 810
are all examples of computer storage media. Computer stor-
age media include, but are not limited to, RAM, ROM, elec-
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trically erasable program read-only memory (EEPROM),
flash memory or other memory technology, CD-ROM, digital
versatile disks (DVD) or other optical storage, magnetic cas-
settes, magnetic tape, magnetic disk storage or other mag-
netic storage devices, or any other medium which can be used
to store the desired information and which can be accessed by
computing device 800. Any such computer storage media
may be part of computing device 800.

[0114] It should be understood that the various techniques
described herein may be implemented in connection with
hardware or software or, where appropriate, with a combina-
tion thereof. Thus, the methods, systems, and associated sig-
nal processing of the presently disclosed subject matter, or
certain aspects or portions thereof, may take the form of
program code (i.e., instructions) embodied in tangible media,
such as floppy diskettes, CD-ROMs, hard drives, or any other
machine-readable storage medium wherein, when the pro-
gram code is loaded into and executed by a machine, such as
a computing device, the machine becomes an apparatus for
practicing the presently disclosed subject matter. In the case
of program code execution on programmable computers, the
computing device generally includes a processor, a storage
medium readable by the processor (including volatile and
non-volatile memory and/or storage elements), at least one
input device, and at least one output device. One or more
programs may implement or utilize the processes described in
connection with the presently disclosed subject matter, e.g,,
through the use of an application programming interface
(API), reusable controls, or the like. Such programs may be
implemented in a high level procedural or object-oriented
programming language to communicate with a computer sys-
tem. However, the program(s) can be implemented in assem-
bly or machine language, if desired. In any case, the language
may be a compiled or interpreted language and it may be
combined with hardware implementations.

[0115] Also provided are systems for practicing the meth-
ods described herein, including systems for evaluating the
progression or improvement of cardiovascular condition in a
subject being administered a treatment regimen that includes
a PDE-5 inhibitor, or predicting an outcome in a subject being
administered a treatment regimen that includes PDE-5 inhibi-
tor. Example systems can comprise an implantable pressure
sensor (e.g., a pressure sensor implanted in the pulmonary
artery of a subject) configured to obtain a pulmonary artery
pressure waveform; a processor; and a memory operably
coupled to the processor. The memory can include computer-
executable instructions stored thereon that, when executed by
the processor, cause the processor to receive the one or more
PA hemodynamic readings obtained from the implantable
pressure sensor; process the PA hemodynamic waveform to
obtain a cardiovascular parameter; compare the cardiovascu-
lar parameter to a standard; and provide an output based on
the comparison of the cardiovascular parameter to the stan-
dard.

[0116] Example outputs can include indicators or predic-
tors of improvement or worsening of the cardiovascular con-
dition in the subject (e.g., probabilities, scores, subject status
indicators, trend values for cardiovascular parameters such as
PAP, CO, PVR and/or TPR, graphs plotting values for PAP,
CO, PVR and/or TPR, etc.), instructions for treatment (e.g.,
instructions or indicators to maintain the treatment regimen
that includes a PDE-5 inhibitor, instructions to alter the treat-
ment regimen, such as instructions to modify the administra-
tion protocol of the PDE-5 inhibitor, instructions to discon-
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tinue use of the PDE-5 inhibitor, instructions to administer an
alternative therapeutic agent or regimen, etc.) or combina-
tions thereof.

EXAMPLES

[0117] The following examples are put forth so as to pro-
vide those of ordinary skill in the art with a complete disclo-
sure and description of how the compounds, compositions,
articles, devices and/or methods claimed herein are made and
evaluated, and are intended to be purely exemplary of the
invention and are not intended to limit the scope of what the
inventors regard as their invention.

Example 1

Impact of a Wireless Implanted Pulmonary Artery
Pressure Monitoring System in Heart Failure
Patients with Pulmonary Hypertension (PH)

[0118] Thepresence of high pulmonary artery pressures are
associated with PH exacerbations. A retrospective analysis
was performed to evaluate if PA hemodynamic monitoring
and therapy reduced PAP in patients with a medical history of
HF.

[0119] The CHAMPION trial enrolled 537 patients with
NYHA class III HF who were followed for an average of 180
days. The patients were divided into two subgroups: Sub-
group [: HF patients with optimal pharmacologic therapy
(OPT); Subgroup II: clinicians used PA hemodynamic data to
guide therapy decisions including the administration of
PDE-5 inhibitors in addition to standard of care versus stan-
dard of care alone in the control group. Each subgroup was
further divided into two sets: Set 1: Mean PAP<235; Set 2:
Mean PAP=25.

[0120] Reductions in PAP were analyzed using an area
under the curve (AUC) methodology. Overall, treatment in
Subgroup I had an average AUC reduction of 564.6 mmHg
days in Set 1 and a reduction of 60.4 mmHg days in Set 2. In
subgroup 1, treatment had an average reduction of 126.3
mmHg days in Set 1 and an increase of 122 mmHg days in Set
2.

[0121] Overall, HF OPT patients with HF experience high
PAP but have pronounced benefit from PA hemodynamic
monitoring in combination with treatment with PDE-5 inhibi-
tors. See Table 1.

TABLE 1

Benefits for HF Patients From PAP-Guided Medical Treatment

Clags IIT HF OPT +

Baseline Mean Class IIT HF OPT PDE-S inhibitor
PA Pressure 180 Day AUC 180 Day AUC
(mm Hg) (mm Hg days) N (mm Hgdays) N p-value
Any -34.8 499 -392.1 38 0.267
<25 122 184 -60.4 13 0.565
=25 -126.3 315 -564.6 25 0477

Example 2

Hemodynamic Parameters for Evaluation and
Monitoring of PAH Using an Implantable Pressure
Sensor

[0122] FIG. 3 shows use of the implantable sensors
described herein to determine changes in CO, TPR and PAP
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after medication revisions in subjects having PH. As shown,
the estimated CO was shown to rise after medication revision,
while the TPR and mPAP were reduced. The data show the
progression of PH in subject following treatment. The data
show trends in mPAP, CO and TPR in a subject with PAH. The
data further show the combined use of mPAP, CO and TPR
trends in monitoring a subject having PH prior and subse-
quent to administration of a treatment to the subject.

[0123] Throughout this application, various publications
are referenced. The disclosures of these publications in their
entireties are hereby incorporated by reference into this appli-
cation in order to more fully describe the state of the art to
which this invention pertains.

[0124] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the scope or spirit of
the invention. Other embodiments of the invention will be
apparent to those skilled in the art from consideration of the
specification and practice of the invention disclosed herein. It
is intended that the specification and examples be considered
as exemplary only, with a true scope and spirit of the invention
being indicated by the following claims.

What is claimed is:

1. A method of evaluating the progression or improvement
of cardiovascular condition in a subject being administered a
treatment regimen that includes a PDE-5 inhibitor, or predict-
ing an outcome in a subject being administered a treatment
regimen that includes PDE-S inhibitor comprising:

(a) obtaining one or more pulmonary arterial (PA) hemo-
dynamic readings from the subject using an implantable
pressure sensor, wherein the PA hemodynamic readings
comprise a PA hemodynamic waveform;

(b) processing the PA hemodynamic waveform using the
processor of a computing device to obtain a cardiovas-
cular parameter, wherein the cardiovascular parameter is
selected from the group consisting of pulmonary arterial
pressure (PAP), cardiac output (CO), peripheral vascular
resistance (PVR), total peripheral resistance (TPR),
heart rate, respiratory rate, dicrotic notch information, or
combinations thereof; and

(¢) comparing the cardiovascular parameter obtained from
the subject to a standard;

wherein an increase or decrease in the cardiovascular
parameter as compared to the standard indicates the
progression of the cardiovascular condition, the
improvement of the cardiovascular condition, the out-
come of the cardiovascular condition, or a combination
thereof.

2. The method of claim 1, wherein the cardiovascular con-

dition comprises pulmonary hypertension.

3. The method of claim 2, wherein the pulmonary hyper-
tension is associated with left heart disease.

4. The method of claim 2, wherein the pulmonary hyper-
tension is associated with right heart disease.

5. The method of claim 1, wherein the standard comprises
a cardiovascular parameter previously determined from the
subject.

6. The method of claim 5, wherein the standard comprises
a plurality of cardiovascular parameters previously deter-
mined from the subject.

7. The method of claim 5, wherein the standard comprises
atrend in a cardiovascular parameter in the subject.
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8. The method of claim 1, wherein the standard comprises
a clinically relevant target cardiovascular parameter for the
subject.

9. The method of claim 1, wherein the standard comprises
a composite of cardiovascular parameters previously deter-
mined from a plurality of subjects.

10. The method of claim 1, wherein the one or more PA
hemodynamic readings are remotely obtained.

11. The method of claim 1, wherein the one or more PA
hemodynamic readings include ambulatory PA hemody-
namic readings.

12. The method of claim 1, wherein the implantable pres-
sure sensor is implanted in a pulmonary artery.

13. The method of claim 1, wherein the implantable pres-
sure sensor lacks percutaneous connections.

14. The method of claim 1, wherein the implantable pres-
sure sensor is energized from an external source.

15. The method of claim 1, wherein the implantable pres-
sure sensor is a passive sensor energized to return pressure
readings by an electromagnetic field.

16. The method of claim 1, wherein at least one PA hemo-
dynamic reading is obtained while the subject is exercising.

17. The method of claim 1, wherein at least one PA hemo-
dynamic reading is taken while the subject is asleep.

18. The method of claim 1, wherein one or more PA hemo-
dynamic readings comprises a high-fidelity PA hemody-
namic waveform.

19. The method of claim 1, wherein the cardiovascular
parameter is selected from the group consisting of PAP, CO,
PVR, TPR, and combinations thereof.

20. The method of claim 1, wherein a decrease in PAP
compared to the standard, an increase in CO compared to the
standard, a decrease in PVR compared to the standard, or a
decrease in TPR compared to the standard indicates or pre-
dicts an improvement of the cardiovascular condition.

21. The method of claim 20, further comprising maintain-
ing the treatment regimen when improvement in the cardio-
vascular condition is indicated.

22. The method of claim 1, wherein an increase in PAP
compared to the standard, a decrease in CO compared to the
standard, an increase in PVR compared to the standard, or an
increase in TPR compared to the standard indicates or pre-
dicts worsening of the cardiovascular condition.

23. The method of claim 22, further comprising altering the
treatment regimen when worsening of the cardiovascular
condition is indicated.

24. The method of claim 23, wherein altering the treatment
regimen is selected from the group consisting of modifying
the administration protocol of the PDE-5 inhibitor, discon-
tinuing use of the PDE-5 inhibitor, administering an alterna-
tive therapeutic agent or regimen, or combinations thereof.

25. The method of claim 1, wherein the PDE-5 inhibitor
comprises tadalafil.

26. The method of claim 1, wherein the PDE-5 inhibitor
comprises sildenafil.

27. A method for treating a subject having a cardiovascular
condition, comprising:

(a) administering to the subject a treatment regimen that

includes a PDE-5 inhibitor;

(b) obtaining one or more pulmonary arterial (PA) hemo-
dynamic readings from the subject using an implantable
pressure sensor, wherein the PA hemodynamic readings
comprise a PA hemodynamic waveform;
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(c) processing the PA hemodynamic waveform using the
processor of a computing device to obtain a cardiovas-
cular parameter, wherein the cardiovascular parameter is
selected from the group consisting of pulmonary arterial
pressure (PAP), cardiac output (CO), peripheral vascular
resistance (PVR), total peripheral resistance (TPR),
heart rate, respiratory rate, dicrotic notch information, or
combinations thereof; and

(d) comparing the cardiovascular parameter obtained from
the subject to a standard to determine the efficacy of the
treatment regimen for the treatment of the cardiovascu-
lar condition in the subject; and

(d) maintaining or altering the treatment regimen admin-
istered to the subject in view of the indicated efficacy of
the treatment regimen for the treatment of the cardiovas-
cular condition in the subject.

28. The method of claim 27, wherein the cardiovascular

condition comprises pulmonary hypertension.

29. The method of claim 28, wherein the pulmonary hyper-
tension is associated with left heart disease.

30. The method of claim 28, wherein the pulmonary hyper-
tension is associated with right heart disease.

31. The method of claim 27, wherein the standard com-
prises a cardiovascular parameter previously determined
from the subject.

32. The method of claim 31, wherein the standard com-
prises a plurality of cardiovascular parameters previously
determined from the subject.

33. The method of claim 31, wherein the standard com-
prises a trend in a cardiovascular parameter in the subject.

34. The method of claim 27, wherein the standard com-
prises a clinically relevant target cardiovascular parameter for
the subject.

35. The method of claim 27, wherein the standard com-
prises a composite of cardiovascular parameters previously
determined from a plurality of subjects.

36. The method of claim 27, wherein the one or more PA
hemodynamic readings are remotely obtained.

37. The method of claim 27, wherein the one or more PA
hemodynamic readings include ambulatory PA hemody-
namic readings.

38. The method of claim 27, wherein the implantable pres-
sure sensor is implanted in a pulmonary artery.

39. The method of claim 27, wherein the implantable pres-
sure sensor lacks percutaneous connections.

40. The method of claim 27, wherein the implantable pres-
sure sensor is energized from an external source.

41. The method of claim 27, wherein the implantable pres-
sure sensor is a passive sensor energized to return pressure
readings by an electromagnetic field.

42. The method of claim 27, wherein at least one PA hemo-
dynamic reading is obtained while the subject is exercising.

43. The method of claim 27, wherein at least one PA hemo-
dynamic reading is taken while the subject is asleep.

44. The method of claim 27, wherein one or more PA
hemodynamic readings comprises a high-fidelity PA hemo-
dynamic waveform.

45. The method of claim 27, wherein the cardiovascular
parameter is selected from the group consisting of PAP, CO,
PVR, TPR, and combinations thereof.

46. The method of claim 27, wherein a decrease in PAP
compared to the standard, an increase in CO compared to the
standard, a decrease in PVR compared to the standard, or a
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decrease in TPR compared to the standard indicates efficacy
of the treatment regimen for the treatment of the cardiovas-
cular condition in the subject.

47. The method of claim 46, further comprising maintain-
ing the treatment regimen administered to the subject.

48. The method of claim 27, wherein an increase in PAP
compared to the standard, a decrease in CO compared to the
standard, an increase in PVR compared to the standard, or an
increase in TPR compared to the standard indicates substan-
dard efficacy of the treatment regimen for the treatment of the
cardiovascular condition in the subject.

49. The method of claim 48, further comprising altering the
treatment regimen administered to the subject.

50. The method of claim 49, wherein altering the treatment
regimen is selected from the group consisting of modifying
the administration protocol of the PDE-5 inhibitor, discon-
tinuing use of the PDE-5 inhibitor, administering an alterna-
tive therapeutic agent or regimen, or combinations thereof.

51. The method of claim 27, wherein the PDE-5 inhibitor
comprises tadalafil.

52. The method of claim 27, wherein the PDE-5 inhibitor
comprises sildenafil.

53. A system for evaluating the progression or improve-
ment of cardiovascular condition in a subject being adminis-
tered a treatment regimen that includes a PDE-5 inhibitor, or
predicting an outcomnie in a subject being administered a treat-
ment regimen that includes PDE-5 inhibitor comprising:

(a) an implantable pressure sensor configured to obtain a

PA hemodynamic waveform;

(b) a processor; and

(c) a memory operably coupled to the processor, the

memory having further computer-executable instruc-

tions stored thereon that, when executed by the proces-
sor, cause the processor to:

i. receive one or more PA hemodynamic readings
obtained from the implantable pressure sensor,
wherein the PA hemodynamic readings comprise a
PA hemodynamic waveform;

ii. process the PA hemodynamic waveform using the
processor of a computing device to obtain a cardio-
vascular parameter, wherein the cardiovascular
parameter is selected from the group consisting of
PAP, CO, PVR, TPR, heart rate, respiratory rate,
dicrotic notch information, or combinations thereof;

1ii. compare the cardiovascular parameter to a standard;
and

iv. provide an output based on the comparison of the
cardiovascular parameter to the standard.

54. The system of claim 53, wherein the standard com-
prises a cardiovascular parameter previously determined
from the subject.

55. The system of claim 54, wherein the standard com-
prises a plurality of cardiovascular parameters previously
determined from the subject.

56. The system of claim 53, wherein the standard com-
prises a trend in a cardiovascular parameter in the subject.
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57. The system of claim 53, wherein the standard com-
prises a clinically relevant target cardiovascular parameter for
the subject.

58. The system of claim 53, wherein the standard com-
prises a composite of cardiovascular parameters previously
determined from a plurality of subjects.

59. The system of claim 53, wherein the one or more PA
hemodynamic readings are remotely obtained.

60. The system of claim 53, wherein the one or more PA
hemodynamic readings include ambulatory PA hemody-
namic readings.

61. The system of claim 53, wherein the implantable pres-
sure sensor is implanted in a pulmonary artery.

62. The system of claim 53, wherein the implantable pres-
sure sensor lacks percutaneous connections.

63. The system of claim 53, wherein the implantable pres-
sure sensor is energized from an external source.

64. The system of claim 53, wherein the implantable pres-
sure sensor is a passive sensor energized to return pressure
readings by an electromagnetic field.

65. The system of claim 53, wherein at least one PA hemo-
dynamic reading is obtained while the subject is exercising.

66. The system of claim 53, wherein at least one PA hemo-
dynamic reading is taken while the subject is asleep.

67. The system of claim 53, wherein one or more PA
hemodynamic readings comprises a high-fidelity PA hemo-
dynamic waveform.

68. The system of claim 53, wherein the cardiovascular
parameter is selected from the group consisting of PAP, CO,
PVR, TPR, and combinations thereof.

69. The system of claim 53, wherein when a decrease in
PAP compared to the standard, an increase in CO compared to
the standard, a decrease in PVR compared to the standard, or
adecrease in TPR compared to the standard is determined, the
output comprises an indicator or predictor of improvement of
the cardiovascular condition in the subject.

70. The system of claim 53, wherein the output comprises
instructions to maintain the treatment regimen when
improvement in the cardiovascular condition is indicated.

71. The system of claim 53, wherein when an increase in
PAP compared to the standard, a decrease in CO compared to
the standard, an increase in PVR compared to the standard, or
an increase in TPR compared to the standard is determined,
the output comprises an indicator or predictor of worsening of
the cardiovascular condition in the subject.

72. The system of claim 71, wherein the output comprises
instructions to alter the treatment regimen.

73. The system of claim 72, wherein the instructions to
alter the treatment regimen are selected from the group con-
sisting of instructions to modify the administration protocol
of the PDE-5 inhibitor, instructions to discontinue use of the
PDE-5 inhibitor, instructions to administer an alternative
therapeutic agent or regimen, or combinations thereof.

74. The system of claim 53, wherein the PDE-5 inhibitor
comprises tadalafil.

75. The system of claim 53, wherein the PDE-5 inhibitor
comprises sildenafil.
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