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Research Summary — Inhaled Pulmonary Vasodilators in Thoracic Transplantation & LVAD Surgery

1. Protocol Title: Inhaled Pulmonary Vasodilator  Table 1. Study Summary

Therapy in Left Ventricular Assist Device (LVAD) [3Sample Size | N =424 (50/50 by randomization strata)

Implantation, Heart Transplantation, and Lung | Population 1. Lung transplantation (N = 200)

Transplantation: Prospective, Randomized, ' 2. Heart Tr_ansplar)tatlon/L_VADllmpIantation (N = 224)

Double-Blinded Study Rationale * Comparison of iNO and jEpg impact on outcomes —
evaluate for equivalency

2. Purpose of the Study: ¢ PVD therapy indications: .

1. Aim | — Clinical Trial Investigation. In order to 1. “‘—prM'mpfm"ement Of%nmﬂa”d

utilize Inhaled Epoprostrenol (IEPO, Veletri®, ier?pIl;ﬂt%r;ié?maécyh\'/g%gdtigtilgg%faugg{ﬁate 4

Actelion Pharmaceuticals, South San Francisco, pulmonary capillaries

CA, USA) as an acceptable alternative to Nitric 2. Heart Transplant/LVAD Implantation:

Oxide (iNO, INOMAX®, Mallinkrodt Improvement of RV contractility after cardiac

Pharmaceuticals, St. Louis, MO, USA) in adult allograft implantation or LVAD implantation by

patients, we propose a randomized, prospective, PVR reduction

Study Design | Prospective, Randomized, Double-Blinded

double-blinded trial in the cardiothoracic surgical

population, which will evaluate the primary |Lnmary 1. Lung Transplant:evere FEL (grads J)

Outcomes 2a. Heart Transplant: RVAD insertion

hypothesis that these two medications will have b. LVAD: INTERMACS Moderate or Severe RVF
similar efﬁcacy in pulmonary vasodilation and a Secondary All popu|ations;
similar impact on clinical outcomes in end-stage | Outcomes * ICU LOS (days)

Hospital LOS (days)

lung disease patients undergoing lung . : .
Mechanical ventilator duration (hours)

transplantation and end-stage heart failure )
patients under durable LVAD implantation or Postoperative AKI
heart transplantation (Table 1) in-nospital morally
p - *  Mortality 30-day, 90-day, 1-year

2. Aim |l — Cost-Capture Analysis. There will be a [ Study length* | 24-36 months

H H §Sample size powered for primary outcomes
para”el prospectlve cost-captu re anaIyS|S *Study length is determined through sample size divided by annual operations at Duke

i i i Universtiy. Hospital; AKI = Acute kidney inju inhaled epaprostenal; iNQ. = Inhaled nitric
deSIQned t(.) preC|Ser aC.qUIre the expenses that oxide; ICU = InFt,enswe care unit; LOSthJanrgthlEo?gtay LVAD = Left ventricular assist device;
each drug incurs per patient averaged across all PGD = Primary graft dysfunction; PVD = Pulmonary vasodilators; PVR = Pulmonary vascular

patients randomized to that drug. wesistance; RVF = Right ventricular failure

3. Background & Significance:

Introduction. Inhaled Nitric Oxide (iNO) is a selective pulmonary vasodilator (PVD) with FDA-approval in the
neonatal population alone. In adult patients, iNO is used off-label to treat pulmonary hypertension, right
ventricular (RV) failure, and ventilation-to-perfusion mismatch. Adult patients who undergo durable LVAD
implantation (e.g. Heartware®, Heartmate 2®, or Heartmate 3®) or cardiac transplantation for end-stage heart
failure or those that have endured lung transplantation as a result of end-stage lung disease, compose the
largest subpopulation which receives PVD therapy at Duke University Hospital. Intravenous Epoprostenol is
FDA approved for adult patients with pulmonary hypertension and is the only agent which has displayed
mortality benefit in these patients. The inhaled formulation of Epoprostenol (iEPO) was developed in order to
maintain efficacy and avoid the systemic side effects of vasodilation and thrombocytopenia. Inhaled iIEPO is
used off-label in our cardiothoracic surgical patients for new-onset perioperative pulmonary arterial
hypertension (PAH), known preoperative PAH, RV dysfunction with LVEF > 35-40%, and promotion of
ventilation to perfusion matching through alveolar deposition of the prostanoid compound and vasodilation of
the intimately associated intra-acinar pulmonary arteries. This vasodilation can decrease pulmonary vascular
resistance and can improve oxygenation while avoiding systemic effects commonly seen in the intravenous
formulation. iIEPO has been introduced in the cardiothoracic operating rooms (OR) and ICU as a cost-
conscious alternative medication to iNO. iEPO may display an equivalent efficacy profile to iNO for pulmonary
vasodilation and oxygenation and have a similar impact on clinical outcomes. For the purposes of this writing,
thoracic transplantation will refer to both heart and lung transplantation.

Pharmacology. There are 3 major pathways that affect pulmonary vascular tone: 1)Nitric oxide (vasodilatory),
2)Prostaglandin (vasodilatory), and 3)Endothelin (vasoconstrictive) pathways. During cardiothoracic
operations, particularly transplantation and LVAD surgery, there is an appreciable imbalance in these
pathways, which favors vasoconstriction. iINO administration, exerts its mechanism of pulmonary vasodilation
and ventilation-to-perfusion matching through exogenous NO delivery and iEPO applies a similar mechanism
via exogenous prostacyclin delivery. Both agents are delivered through mechanical ventilation to ventilated
alveoli in order to promote gas exchange at the capillary bed. Both inhaled medications are desirable in this
population due to pulmonary selectivity, absence of systemic vasodilation, as well as fast onset (5-10 seconds
for INO and 30-60 seconds for IEPO) and quick titration owing to short-half lives (10-20 seconds for iNO and 1-
2 minutes for iEPO). There is no decision tree involved in the use of iINO vs iIEPO except for that patient’s
known drug allergies which may preclude use of one inhaled agent in favor of the other. Of note, endothelin
antagonists (e.g. bosentan), which are not part of our perioperative standard practice, are PO medications
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Research Summary — Inhaled Pulmonary Vasodilators in Thoracic Transplantation & LVAD Surgery

which require reliable gastrointestinal absorption that may not be present during high-dose inotropic support,
and are not readily titrated to effect as are the inhaled PVD, iNO and iEPO.

Contraindications and Adverse Effects. Absolute indications for iNO in favor of IEPO are due to prostaglandin
allergy leading to anaphylaxis (extremely rare) or if the patient is pregnant due to risk for labor induction as a
result of prostacyclin agonism. Routine pregnancy testing is performed in the preoperative setting in line with
established preoperative anesthesia testing criteria. Parturients rarely present for thoracic transplantation or
LVAD implantation. There are no absolute contraindications to iNO therapy in adult patients but the iNO
delivery device system routinely measures the toxic metabolite of iINO, nitrogen dioxide (NO32), which can lead
to hypoxemia during metabolite accumulation. Additionally, methemoglobinemia (MetHb) is another rare
adverse occurrence of prolonged iNO administration and MetHb levels are measured during arterial blood gas
analysis.

Preliminary retrospective study supporting noninferiority hypothesis. In a retrospective study of 51 adult
cardiothoracic surgical patients (all-comers, including thoracic transplantation, durable LVAD implantation, and
non-transplant and non-LVAD cardiac surgical patients), requiring pulmonary vasodilation, our group illustrated
similar efficacy between the use of iIEPO and iNO with respect to optimizing RV hemodynamic variables,

mCIUdmg pUImonary vasodilation and mixed Table 2. Hemodynamic values in CT surgical patients comparing inhaled Nitric Oxide and Epoprostenol

venous oxygenation (Table 2). During this —\ 52T iyap | 1pAPs | 1PAPd | PAP | ICVP | 'CI | PI | SLVAD flow | SVO2 (%)
investigation, iINO was initiated in the T

( . : iNO | 98 | 78 | 379 | 186 | 253 | 125|261 536 | 466 71
operating room (OR) and continued during [“uigpe (00 | 80 | 391 | 190 | 268 | 122 | 267| 493 | 482 70
transport and into the ICU. While in the ICU, "pyae [041] 040 | 048 | 058 | 024 | 074 | 063| 052 | 065 052
postoperatlve hemOdynamIC Stablllty was a= reported as mean values; * units = beats per minute; { units = mm Hg; ¥ units = Umin/m?

: S : Cl = Cardiac Index, CVP = Central Venous Pressure, HR = Heart Rate, iNO = Inhaled nitric oxide, iEpo = Inhaled epoprostenol, LVAD =
achieved within 2 hours and INO was Left Ventricular Assist Device, MAP = Mean Arterial Pressure, PAPs = Systolic Pulmonary Artery Pressure, PAPm = Mean Pulmonary

transitioned to iIEPO over 30 minutes in order Artery Pressure, PAPd = Diastolic Pulmonary Artery Pressure, Pl = Pulsatility Index, SvO2= Mixed Venous Oxygen Saturation

to provide continuous inhaled pulmonary vasodilation and allow the patient to self-control during medication
cross-over between iINO and iEPO. Clinical variables were followed at 5-minute intervals for 1 hour after
transition to iIEPO. No statistically significant differences were seen in hemodynamic variables during this
transition (Table 2). The small sample size and retrospective design, however, incorporated several
confounding variables that could not be controlled and prospective data was deemed necessary to achieve
reliable conclusions by evaluating clinical outcomes in order to change clinician practice patterns. Other
investigations have demonstrated equivalence in hemodynamic variables, mixed venous oxygenation, and
ventilation-to-perfusion matching when delivery of iNO was compared with iIEPO. These studies were,
however, also retrospective or inadequately powered to rely on conclusions related to outcome measures.

The large cost differential between these two agents remains an important concern for the health system: iNO
is approximately 8-fold more expensive than iEPO, according to preliminary estimates based on PVD usage.
Previous reports have estimated the cost of iINO administration to be between $95.00 — $115.00 per hour
during medication delivery. The cost, however, has not precisely captured the time required to assemble the
iINO delivery system as well as resources utilized to breakdown this setup into individual components following
termination of delivery. The cost of iIEPO delivery is captured at $14.83 per hour, which includes solution
compounding by pharmacy as well as processing for delivery and nebulization by respiratory care services.
Additionally, the iEPO delivery-system setup is a one-time, fixed cost for the duration of administration. Similar
secondary resource utilization capture for iEPO is required for accurate cost comparison between these two
agents.

4. Design & Procedures:

Aim | — Development of a Definitive Clinical Trial Investigation.

1. Randomization and Double-Blinding. The clinical research unit (CRU) will receive preoperative notification of
lung and heart transplantation patients by reviewing the transplant waitlist. Preoperative notification of LVAD
implantation will be done by the review of the cardiothoracic surgical schedule. Using a 50% randomization
process utilized and established by the CRU at Duke University Hospital, each eligible patient will be
randomized to receive either iNO or iEPO. The primary endpoint data will be collected and documented in an
electronic data capture system during the period of time the patient, clinical care team, and study team are
blinded. Primary endpoint data collection will be complete prior to the subjects’ discharge from the ICU, at
which point the unblinding will occur. Since primary endpoint data collection will occur during the blinded
period, the potential for bias will be substantially minimized.

2. Measured Outcomes. The primary endpoint for the comparison of efficacy in the Lung Transplant population
will be the incidence of Grade 3 Primary Graft Dysfunction (PGD). This is defined by the International Society
of Heart and Lung Transplantation (ISHLT) as severe hypoxemia with a PaO»-to-FiO; ratio < 200 or the
presence of venovenous extracorporeal membrane oxygenation (VV ECMO) at an time-point within the first 72
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hours after lung transplantation. The primary endpoint for the comparison of efficacy in LVAD patients will be
incidence of moderate or severe RV failure according to Interagency Registry for Mechanically Assisted
Circulatory Support (INTERMACS) scoring. The primary endpoint for the comparison of efficacy in the heart
transplant subset will be the incidence rate of RVAD insertion. Secondary endpoints related to clinical
outcomes for all populations will be duration of postoperative mechanical ventilation, , ICU Length of Stay
(LOS), hospital LOS, incidence of acute kidney injury, incidence of in-hospital mortality, as well as
postoperative mortality at 30-days, 90-days, and 1-year after operation (Table 1).

Aim Il —Cost-Capture Analysis.

In parallel with the design & procedures of Aim |, the cost capture analysis component will be essential in order
to better gauge the cost due to duration of administration (variable cost) according to each inhaled PVD.
Established clinical criteria specific to each group (lung transplantation vs. heart transplantation/LVAD
implantation) have been developed to determine the inception of protocolized PVD weaning. Weaning
medications according to established protocols will allow for accurate interpretation of the comparative length
of therapy between iNO and iEPO and help prevent erroneous PVD usage without criteria for discontinuation.
Secondary resource utilization will be documented by respiratory care services and itemized cost sheets will be
developed.

Subject Groups

Inhaled PVD therapy is administered to every patient undergoing thoracic transplantation and LVAD
implantation at our institution and each patient is eligible for enroliment. Over a 3-year period (1 year for follow-
up) we will prospectively enroll 200 lung transplant subjects and 224 heart transplant or LVAD implantation
patients who will be informed and consented prior to their scheduled procedure. Potential subjects will be
under the care of 1 or more investigators in this study. Consented subjects will be randomly assigned to 1 of 2
groups, iINO vs IEPO, to be initiated in the OR on the day of the operation based on accepted standard of
practice and study protocol. Medication administration will be double-blinded, such that neither the surgical nor
anesthesiology teams will be notified of the inhaled agent to which the patient has been randomized. Ability to
unblind the delivery system will be made available to both teams if required to preserve optimal patient care.
As per our standard practice, respiratory care services will manage the initiation and maintenance of inhaled
PVDs in the OR and ICU, and these personnel will be the only practitioners notified of the actual delivered
medication during study blinding.

Exclusion Criteria

[J Combined Organ Transplantation (Heart-Lung, Heart-Liver, Heart-Kidney)

[J Age < 18yearsold

[J Pregnancy (females of child bearing potential will receive pregnancy testing prior to cardiothoracic
surgery as a standard of care)

[J  Known allergy to prostaglandin (rare)

[J Subject is enrolled in another study protocol, which does not allow randomization of PVD therapy

[J Heart transplant or durable LVAD recipients with adult congenital heart disease (CHD)

[J Caveat: Does NOT meet exclusion criteria if the scheduled heart transplant or LVAD implantation is
due to heart failure from a previous heart transplantation related to CHD, performed more than 90 days
previous to the date of trial enrollment

[1 Patient is scheduled to undergo lung transplantation but has undergone heart transplantation in the
previous 90 days

[1 Patient is scheduled to undergo durable LVAD implantation but has undergone heart transplantation in
the previous 90 days

[1 Patient is scheduled to undergo heart transplantation but has undergone lung transplantation in the
previous 90 days

[J Patients with preoperative VV ECMO as a bridge to lung transplantation
O

Stopping Criteria — In the event the following criteria are met and the clinical team is in agreement, subjects will
be weaned off of their iPVD per instutional standard iPVD weaning practice. If adverse events are
encountered, the drug will be immediately stopped withoutweaning.
[J  Venoarterial (VA) ECMO insertion remains at end of operation
VA ECMO insertion is performed postoperatively in the ICU

0
[0 LVEF < 30% on echocardiogram at the end of the operation for heart and lung transplant subjects
[1 LVEF < 30% for heart and lung transplant subjects on echocardiogram noted postoperative in the ICU
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[0 Inhaled pulmonary vasodilation is halted for reasons other than standard weaning ordered by the
clinical care team

[J Adverse events related to the INO or EPO that affect the subject’s welfare

Data Collection

Secondary measures will be hemodynamic variables (similar to those measured in Table 2) such as
transesophageal echocardiographic (TEE) evaluation of RV function based on stand-of-practice protocol,
intravenous administration of inotropes, serial measures of postoperative serum creatinine and GFR, resolution
of elevated liver function tests (heart fallure patients, illustrates improvement in RV function), incidence of
thrombocytopenia (platelet count < 150 x 10%/L) and trajectory of resolution, as well as ventilation-to-perfusion
matching (arterial oxygen tension, PaOg; arterial carbon dioxide tension, PaCO2; and fraction of inspired
oxygen, FiOy). Variables will be recorded at designated time points during the entire duration of administration
— from initiation in the operating room to cessation in the ICU. These time points include: Intraoperative before
surgical incision, time = 0 (initiation of PVD), 30 minutes, 2 hours, 6 hours, 12 hours, 18 hours, 24 hours, and
every 6 hours up through 72 hours after initiation. These secondary measures will be obtained up through 72
hours after initiation regardless of cessation or continuation of the inhaled PVD. After 72 hours, increments of
every 12 hours thereafter will be assessed if PVD administration continues. Ventilation and perfusion nuclear
scans will be obtained and recorded per standard clinical practice for each group of lung transplant recipients.
Established protocols with criteria for initiation of medication weaning have been created according to each
medication based on individual pharmacokinetic properties. Once established criteria are met, weaning of each
inhaled PVD will begin and continue until the medication is terminated according to standardized weaning
protocols established for lung transplant patients and heart transplant/LVAD patients.

Subject follow up. Subject will be contacted by phone by a member of the research team and be asked a short
series of questions to assess their current medical condition and any changes since surgery at 30-days (£ 3
days), 90-days (x 5 days), and 1-year (= 7 days) after surgery completion date. The phone follow-up should
take approximately 5 minutes of the subject’s time. If subjects have been admitted to a hospital outside of
Duke Health after surgery they will be asked to sign an authorization of release to provide us permission to
obtain medical information related to their hospitalization.

Blood Sampling

Blood samples will be drawn for analysis as a part of this study. One 9 ml sample of blood will be obtained
from each patient prior to the initiation of PVD therapy and stored at 4°C prior to processing. This sample will
be stored for Genomic DNA analysis at the completion of this study in order to assess patients who are
responders to inhaled pulmonary vasodilaton through upregulation and down regulation of notable vasoactive
substances (e.g. endothelin, thromboxane, nitric oxide, prostaglandin, etc.). In addition, each subject will also
be asked to sign the Genomic and Proteomic Database Repository (IRB Pro00015651) consent form, thus
allowing the banking of their plasma and DNA samples as well as data to be used for future research.
Participation in IRB Pro00015651 is voluntary and optional to all subjects consented in this parent study.
Blood samples (7 ml each) will be drawn at 3 separate time points: 1) directly after insertion of the invasive
blood pressure monitoring (arterial) line, 2) POD 1, and 3) POD 7. In each 7ml blood sample, 3.5ml will be
collected in Sodium Citrate tubes for coagulation analysis and another 3.5ml will be collected in EDTA tubes
for metabolomic and proteomic analysis. Plasma will be separated from these samples and banked at -80°C
for analyses of proteomic and metabolomic signatures. Up to 30ml of blood will be collected during the 12
month study participation period.

6. Subject Ildentification, Recruitment, & Compensation: Subjects will be recruited either during the
outpatient or inpatient evaluation phase, or contacted by phone. Recruitment may also occur on the day of the
operation given the complexities of the transplant process, which may provide obstacles to earlier enrollment.
After obtaining permission from the operating surgeon, surgical subjects will be screened by the study
coordinator by reviewing the transplant pre-list. Prior to asking any patient for consent to participate, the patient
or Legally Authorized Representative (LAR) will be approached first by the surgeon or one of the members of
the surgical care team to determine if the patient or LAR is willing to consider enrollment in the study. If so, the
subject or LAR will either be seen during an inpatient or outpatient visit, or be contacted by phone and
informed about the study by a member of the research team. If the individual or LAR is willing to consider
enrollment and does not meet exclusion criteria, then the research coordinator will present the research
protocol in its entirety. During this time, the study coordinator will answer any and all questions as they arise. If
the subject or LAR agrees to participate, the coordinator will ask the them to sign and date the appropriate
consent form. A copy of this consent form will be given to the subject and a copy of the consent form will be
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added to the subject’s medical record. The subject or LAR will be given the option to sign a separate consent
form to allow us to store portions of the collected blood specimens and any data collected under this research
study and maintain these samples and data in a database/repository (PRO00015651) for possible use in future
research studies relating to surgical outcomes. In the event a LAR provides consent at the time of enrollment,
the subject will be approached once they regain the ability to provide an informed consent.

Recruitment will not routinely occur on the day of the operation and most patients will be enrolled at least 12
hours in advance and provided at least the allowable time to review the study consent form and discuss their
options with the Pl and study personnel. There will be no direct compensation to the patient for recruitment.

If a subject is enrolled and randomized in this study for their LVAD implantation procedure and is later planned
to receive a heart transplant, that previously enrolled subject is eligible to be re-enrolled. The following caveats
apply to this subpopulation of LVAD patients:

A)Durable LVAD implantation may occur as a bridge to heart transplantation.

B)If LVAD implantation is followed by heart transplantation WITHIN 1 year following LVAD implantation, then
data collected up through the time of heart transplantation will be recorded and valid as a patient in the LVAD

group.

C)Data collected on or after the date of LVAD explantation/heart transplantation for such a patient will be
considered as part of the heart transplant group.

D)If LVAD implantation is followed by heart transplantation AFTER 1 year following LVAD implantation, then
the lyear follow-up period is complete and the patient may re-enter the trial as a heart transplant patient.

If a subject is enrolled and randomized in this study for their durable LVAD implantation procedure and is
scheduled to receive a new durable LVAD via an LVAD exchange operation, the subject is eligible to be re-
enrolled.

7. Subject’s Capacity to Give Legally Effective Consent: Explicit (written) consent will be obtained from the
patient or the patient’s legal decision maker.

8. Study Interventions: Using a 50% randomization process utilized and established by the CRU, each
eligible patient will be randomized to receive either iNO or iIEPO, to be initiated in the OR based on accepted
standard of practice at Duke University Hospital, during the clinical care of these patients.

9. Risk/Benefit Assessment: There is no direct benefit of this study to the enrolled subjects. Data gathered
from this study may benefit future patients. Up to 30 ml of blood will be drawn during the 12 month study
participation period. Blood sampling will be obtained, in the majority of subjects, from indwelling arterial or
central venous lines inserted at the beginning of the intraoperative period as part of standard practice for these
operations and there will be no additional risk to the patient for obtaining such vascular access. On rare
occasion, blood sampling may be obtained from additional venipuncture sites during the postoperative period.
Risks of blood sampling if obtained through venipuncture are pain, swelling, possible infection at the site of
venipuncture. While these risks are minimal, the additional blood volume is highly unlikely to contribute to the
patient's need for blood transfusion. To minimize any potential risk to the patient from genetic data,
investigators and patients will be blinded to the individual patient's genotype. This information will not be
included in the patient chart, will remain absolutely confidential, and will not be given to the patient or their
family. DNA samples will be identified only by a coded number whose relation to the patient’'s name and other
identifiers is available only to the data manager. The identity of the patient will remain anonymous in any
publications which may result from this investigation.

There will be no additional risks to the subjects as a result of this study. Prior to June of 2015, iINO was the
sole option for inhaled pulmonary vasodilation in this patient population and therefore utilized in each operation
for this indication. As of June 2015, iIEPO was introduced for the same indications as iNO in order to serve as a
cost-conscious alternative to iNO and to potentially explore a different, equally impactful pathway for clinically
evident pulmonary vasodilation (as measured by Swan-Ganz catheter data and determined by
transesophageal echocardiography). There are no additional risks to the patient aside from the rare adverse
effects such as allergic reaction, as previously discussed. The most common side effect of iINO is hypotension.
The side effects common to intravenous iIEPO are nausea, vomiting, hypotension, flushing, chest pain, anxiety,
dizziness, bradycardia, difficulty breathing, abdominal pain, musculoskeletal pain and tachycardia.

10. Costs to the Subject: There will be no additional costs to the subjects as a result of this study.
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11. Data Analysis & Statistical Considerations: Summary statistics will be computed for demographic,
clinical, and outcome variables in the form of frequencies (percentage) for categorical variables and mean
(standard deviation) for continuous variables for each arm. Univariate analysis will be performed to compare
the difference of each variable between treatment groups by chi-square or Fisher exact tests for categorical
variables, and t-tests or Wilcoxon Rank-Sum tests for continuous variables depending on data normality. The
univariate results for the outcome variables will provide information on iNO treatment effect in comparison to
iIEPO without taking into account other potential confounding factors. All non-outcome variables meeting p<
0.15 association with treatment group will be considered for variable selection to build a multivariable
regression model. For each outcome of interest, we will start with a regression model (logistic regression for
binary outcomes or generalized linear model for continuous outcomes) with all variables selected from
univariate analysis described above. Based on stepwise variable selection, we will determine the final set of
covariates to be included in the final multivariable model to test the treatment group effect. Based on the
analysis results, we will be able to understand if iINO is equivalent to iIEPO (no significant difference) or
significantly better or worse than iEPO (significant treatment effect) to address the efficacy of INO for Aim 1.
Several of secondary measures will be obtained over time. We will apply generalized mixed model to take into
account the repeated measures over time to test for treatment effect. In the case of patients have switched to
the other arm due to clinical decision, we will conduct the primary analysis based on the intent to treat (ITT)
without reclassifying treatment assignment. In addition, protocol analysis, where only patients follow the
protocol assignment are included will also be conducted to verify ITT results. For Aim 2 to compare cost
capture analysis, the comparison of cost measures between two groups will be tested by two sample t-test.

Based on recent annual operations, approximately 120 LVAD implantations, 60 heart transplantations, and 110
Lung transplantations were performed at Duke University Hospital during FY 2014 — 2015. This study has been
individually powered to primary endpoints for each arm (Table 1) and the duration of study enrollment has
been determined according to annual operations and sample-size calculations. We estimated sample size
based on equivalence test of the incidence rates of a binary outcome (e.g. PGD grade 3 (PGD-3)) of two
treatment groups as an illustration. Assuming the incidence rate of PGD-3 under iEPO treatment is 0.35 and
acceptable margin of the equivalence is + 0.19, we will need 224 patients to have 80% power to detect an
actual difference at 0.05 between two treatment group under this margin. This implies that the acceptable
range of incidence rate for iNO treatment is from 0.21 to 0.59. Based on this estimate, we propose to enroll
200 lung transplant patients and 224 LVAD and heart transplant patients (n = 424) over a period of 24 to 36
months; the exact time point for trial culmination between 24 and 36 months will be dependent on enrollment
rate. There will be a 50% randomization rate for each inhaled agent such that 212 patients will receive iIEPO
and 212 patients will receive INO.

12. Data & Safety Monitoring: The proposal is not introducing a new medication that has not been utilized by
our group and safety has been established for this patient population through clinical practice and medication
usage. Safety will, however, be determined by assessing reported, rare, adverse effects of iINO (systemic
hypotension, methemoglobinemia, and rebound pulmonary hypertension after appropriate weaning) and iEPO
(systemic hypotension, non-surgical bleeding related to thrombocytopenia, flushing, and rebound pulmonary
hypertension after appropriate weaning) in order to accurately monitor adverse events (AE) during this study.
The PI will review and sign off on AE’s as they occur and perform a quarterly review and determine if AE’s are
related to the study or otherwise. AE’s will be reported to the IRB per HRPP policies.

Stopping Rule: Subjects who meet the stopping criteria in section 4 will continue to be enrolled and followed for
primary outcome analysis.

13. Privacy, Data Storage & Confidentiality: All data collected in the case report forms (CRF) will be
collected by review of the subjects routine medical record documentation or during the intraoperative portion of
the study. All subjects will be given a study ID in an order to maintain their identity and subject’s identity will be
protected and confidentially maintained. Barcodes will be affixed to each study sample collected according to
the protocol. For future review, the study number and barcode will be the only identifying information
associated with the subject. All paper data will be stored in a locked cabinet in the research teams office as
outlined in the research data security plan. Any computerized data will be stored within the Duke University
Medical Center’'s Database, which is password protected, and located behind Duke Computing firewalls. Only
the Pl and the statisticians will have access to the data obtained from these cases.
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vasodilation and have a similar impact when compared to iNO, INOMAX® in adult patient who undergo a heart transplantation, lung transplantation or

implantation of a left ventricular assist device . Second, to conduct a cost-capture analysis on the expense each drug incurs per patient.

Condition

Heart Transplant Surgery
Lung Transplant Surgery

Study Type: Interventional

Study Design: Allocation: Randomized
Intervention Model: Parallel Assignment
Masking: Participant, Care Provider, Investigator
Primary Purpose: Other

Official Title: Inhaled Pulmonary Vasodilator Therapy in Left Ventricular Assist Device (LVAD) Implantation, Heart Transplantation, and Lung

Intervention

Drug: iNO
Drug: iEPO

Transplantation: Prospective, Randomized, Double-Blinded Study

Resource links provided by NLM:

MedlinePlus related topics: Heart Transplantation Lung Transplantation

Drug Information available for: Nitric oxide

U.S. FDA Resources

Further study details as provided by Duke University:

Primary Outcome Measures:

Phase

Phase 4

Incidence of Grade 3 Primary Graft Dysfunction (PGD) for Lung Transplant subjects. [ Time Frame: Up to 72 hours ]

https://clinicaltrials.gov/ct2/show/NCT03081052?term=ghadimi&rank=1
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This is defined by the International Society of Heart and Lung Transplantation (ISHLT) as severe hypoxemia with a PaO2-to-FiO2 ratio < 200 or the
presence of venovenous extracorporeal membrane oxygenation (VV ECMO) at an time-point within the first 72 hours after lung transplantation.

Incidence of moderate or severe RV failure for the LVAD implantation subjects. [ Time Frame: up to approximately 21 days after LVAD placement ]

This is defined by the Interagency Registry for Mechanically Assisted Circulatory Support (INTERMACS) scoring.

Incidence of severe RV failure for Heart Transplantation subjects. [ Time Frame: up to approximately 30 days after heart transplantation ]

This is defined by the incidence of an RVAD placement

Secondary Outcome Measures:
Duration of postoperative mechanical ventilation [ Time Frame: up to approximately 90 days ]

Length of time from intubation until patient is extubated

Per patient cost [ Time Frame: up to approximately 30 days ]

Cost associated with the duration of PVD administration

Length of ICU stay [ Time Frame: up to approximately 90 days ]

Length of time from ICU admission from surgery until ICU discharge

Length of hospital stay [ Time Frame: up to approximately 1 year ]

Length of time from surgery to hospital discharge

Incidence of Acute Kidney Injury [ Time Frame: up to approximately 14 days ]

defined by KDIGO-AKI criteria

Incidence of in-hospital mortality [ Time Frame: up to approximately 1 year ]

Death that occurs during the hospital stay

Incidence of postoperative mortality within 30 days [ Time Frame: up to approximately 30 days ]

From the day of surgery to 30 days (+/- 3 days)

Incidence of post-operative mortality within 90 days [ Time Frame: up to approximately 90 days ]

From the day of surgery to 90 days (+/- 5 days)

Incidence of post-operative mortality within 1 year [ Time Frame: up to approximately 1 year ]

From the day of surgery to 1 year (+/- 7 days)

Estimated Enrollment: 424

Anticipated Study Start Date: April 2017

Estimated Study Completion Date: April 2021

Estimated Primary Completion Date: April 2021 (Final data collection date for primary outcome measure)

Active Comparator: Lung transplant with iNO Drug: iNO
Subject will receive inhaled Nitric Oxide in this intervention
Other Name: Inhaled Nitric Oxide

Active Comparator: Lung transplant with iIEPO Drug: iEPO
Subject will receive inhaled Epoprostrenol in this intervention
Other Name: Inhaled Epoprostrenol

Active Comparator: Heart transplant & LVAD implantation with iNO Drug: iNO

https://clinicaltrials.gov/ct2/show/NCT03081052?term=ghadimi&rank=1 Page 2 of 4
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Subject will receive inhaled Nitric Oxide in this intervention
Other Name: Inhaled Nitric Oxide

Active Comparator: Heart transplant & LVAD implantation with iEPO Drug: iEPO
Subject will receive inhaled Epoprostrenol in this intervention
Other Name: Inhaled Epoprostrenol

Detailed Description:

Inhaled Nitric Oxide (iNO) is a selective pulmonary vasodilator (PVD) with FDA-approval in the neonatal population alone. In adult patients, iNO is used off-
label to treat pulmonary hypertension, right ventricular (RV) failure, and ventilation-to-perfusion mismatch. Adult patients who undergo durable LVAD
implantation (e.g. Heartware®, Heartmate 2®, or Heartmate 3®) or cardiac transplantation for end-stage heart failure or those that have endured lung
transplantation as a result of end-stage lung disease, compose the largest subpopulation which receives PVD therapy at Duke University Hospital. Inhaled
Epoprostenol (iEPO) has been introduced in the cardiothoracic operating rooms (OR) and ICU as a cost-conscious alternative medication to iNO. iIEPO may
display an equivalent efficacy profile to iNO for pulmonary vasodilation and oxygenation and have a similar impact on clinical outcomes.

424 informed and consented subjects undergoing thoracic transplantation or left ventricular assist device (LVAD) implantation under the care of one or more
investigators will be prospectively enrolled over a three-year period (one-year for follow-up). Patients will be randomly assigned 50/50 according to
randomization strata to one of two standard of care pulmonary vasodilation therapy, iNO vs iEPO. Additional study procedures will involve data collection and
blood sampling.

P Eligibility
Ages Eligible for Study: 18 Years and older (Adult, Senior)
Sexes Eligible for Study: All

Accepts Healthy Volunteers:  No

Criteria
Inclusion Criteria:
Thoracic (heart or lung) transplantation patients
LVAD implantation patients
Exclusion Criteria:
Combined Organ Transplantation (Heart-Lung, Heart-Liver, Heart-Kidney)
Age < 18 years old
Pregnancy
Known allergy to prostaglandin (rare)
Subject is enrolled in another study protocol, which does not allow randomization of PVD therapy

Heart transplant or durable LVAD recipients with adult congenital heart disease (CHD) o Caveat: Does NOT meet exclusion criteria if the scheduled heart
transplant or LVAD implantation is due to heart failure from a previous heart transplantation related to CHD, performed more than 90 days previous to the
date of trialenroliment

Patient is scheduled to undergo lung transplantation but has undergone heart transplantation in the previous 90 days
Patient is scheduled to undergo durable LVAD implantation but has undergone heart transplantation in the previous 90 days
Patient is scheduled to undergo heart transplantation but has undergone lung transplantation in the previous 90 days

Patients with preoperative Venovenous ECMO as a bridge to lung transplantation

B> Contacts and Locations
Choosing to participate in a study is an important personal decision. Talk with your doctor and family members or friends about deciding to join a study. To learn

more about this study, you or your doctor may contact the study research staff using the Contacts provided below. For general information, see Learn About Clinical
Studies.

Please refer to this study by its ClinicalTrials.gov identifier: NCT03081052

Contacts
Contact: Tiffany L Bisanar, RN, BSN 919-681-0866 tiffany.bisanar@duke.edu
Contact: Kamrouz Ghadimi, MD 919-681-6532 kamrouz.ghadimi@duke.edu

https://clinicaltrials.gov/ct2/show/NCT03081052?term=ghadimi&rank=1 Page 3 of 4
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Sponsors and Collaborators

Duke University

Investigators

Princinal Investiaator: Kamrouz Ghadimi. MD Duke Health
B More Information

Responsible Party: Duke University
ClinicalTrials.govIdentifier: NCT03081052 History of Changes
Other Study ID Numbers:  Pro00078035
Study FirstReceived: March 8, 2017
Last Updated: March 14, 2017
Individual Participant Data

Plan to Share IPD: No

Studies a U.S. FDA-regulated Drug Product: Yes
Studies a U.S. FDA-regulated Device Product: No
Product Manufactured in and Exported from the U.S.:  No

Keywords provided by Duke University:
Heart and Lung transplantation surgery
Pulmonary vasodilation therapy

Additional relevant MeSH terms:
Nitric Oxide

Vasodilator Agents

Bronchodilator Agents

Autonomic Agents

Peripheral Nervous System Agents
Physiological Effects of Drugs
Anti-Asthmatic Agents

Respiratory System Agents

ClinicalTrials.aov processed this record on May 05, 2017

https://clinicaltrials.gov/ct2/show/NCT03081052?term=ghadimi&rank=1

Free Radical Scavengers

Antioxidants

Molecular Mechanisms of Pharmacological Action
Neurotransmitter Agents
Endothelium-Dependent Relaxing Factors
Gasotransmitters

Protective Agents

page 10

5/5/17, 9:04 PM

Page 4 of 4


https://clinicaltrials.gov/show/NCT03081052
https://clinicaltrials.gov/ct2/archive/NCT03081052

574
575
576
577
578
579
580

581

582
583
584
585
586
587
588
589
590
591
592
593
594

Adult Mechanical Ventilation Protocol for Routine Post-Op Cardiothoracic Surgery and Lung Transplant
Patients

Purpose: To provide consistent clinical practice and timely interventions in the management of
cardiothoracic surgical (CTICU) patients who require mechanical ventilation.

Protocol Initiation:

The Mechanical Ventilation Protocol will be initiated upon receipt of a provider’s order e.g. "CTICU
Mechanical Ventilation Protocol".

Upon receipt of a provider’s order, the respiratory care practitioner will:

[0 Baseduponthe patient’s diagnosis and surgical procedure, select the appropriate arm of the
protocol from the following choices:
o Ventilation Protocol - Cardiothoracic Surgery Patients (Section V)
o Ventilation Protocol - Lung Transplant Surgery Patients (Section V)
[J Determine initial ventilator settings and initiate mechanical ventilation.
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[0 Assessthe patient’s response to the level of mechanical ventilation support provided.

[0 Communicate the initial mechanical ventilation settings and all subsequent changes to other
members of the patient care team.

[1  Documentall interventions in the medical record.

Ventilation Protocol — Cardiothoracic Surgery Patients

Goals

To maintain the patient’s arterial pH between 7.35 and 7.45

To maintain the patient’s PaO2 between 60 and 85 mm Hg

Tomaintainthe patient's PaCO2 <50 mm Hg

Tomaintainthe patient’'s SpO2>90%

TomaintainanETCO2<45mmHgand PaCO2 <50 mmHg(during re-warmingand shivering)
To provide an inspiratory pressure plateau of no greater than 30 cm H20

Ododooo

Initial Mode and Setting Selection

[J Mode: The initial mode may be one of the following:
o Pressure Assist-Control (PAC)
o Pressure Support (PSV)
[0 Inspiratory Pressure (Tidal Volume) - Adjusted to achieve targeted tidal volume and comfort
o Inspiratory pressure will be set to achieve an exhaled VT of 4-8 mL/kg of the patient’s
ideal bodyweight
o Total pressurewillnotexceed 30cmH20.
[0 Respiratory Rate (f) - 14 (then adjusted to control PaCO2)
[0 Inspiratory Time will be set to optimize patient comfort, avoid or minimize air trapping, and
produce an |:E ratio of less than 1:1
(1 FiO2andPEEP
o FiO2-0.6(unlessotherwiseorderedbyanesthesiologist)
o PEEP-5cmH20
PulmonaryVasodilator Therapy: Perproviderorder.
00 Non-invasive Monitoring (Continuous):
o Pulse Oximetry
o Capnography
= Continuously from admission to unit until extubation or for up to 24 hours post
admission.
= Patientsreceivingtrach collartrials.
= 24 hours post reintubation
= Onthe order of a provider

O

Subsequent Adjustments/Weaning

[1  Obtainan ABG within 30 minutes after admission:
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o AssessthePaCO2-ETCO2gradient.If<10mmHg, patientstable, noacidosis, use
ETCOZ2toadjustrespiratoryrate unless otherwise stated.
[0 Managementduringre-warmingand shivering
o AdjustrespiratoryratetokeepETCO2<45mmHg, PaCO2<50mmHg
[0 Oxygenation adjustments
o WeanFiO2
I 1fSp02>90% (Pa02>60mmHg)toaFiO2goalof0.4
= Notify MD if SpO2 <90%, PaO2 < 60 mm Hg or if unable to obtain a FiO2 0of 0.4
within 4 hours.
o Increase FiO2/PEEP ifindicated (see Appendix A)
= ForapatientwithaVAD: Keep PEEP at5cmH20 unless directed otherwise by
provider order.
[J Respiratory rate adjustments
o Patient must be hemodynamically stable without shivering or bleeding requiring
treatment, temperature >36°C, responsive and breathing spontaneously (RN will begin
weaning sedation when patient begins to waken.)
o Assess ABG to ensure PaO2 > 60 mm Hg, PaCO2 <50 mm Hg, pH 7.35-7.45
00 Elevate HOB 30° unless otherwise ordered or contraindicated (i.e. intra-aortic balloon pump)
[0 ChangetoPSV10cmH20 (40%, 5 PEEP) from PAC when ETCO2 <45 mm Hg and reliable,
spontaneousrespiratorydrive present.
[J Extubation—Referto the following...
o Appendix D: Daily Spontaneous Breathing Assessment and Trial (SBT) and
o Appendix F: Extubation Criteria

[l  WeaningfromMechanical Ventilation—Trach Collar Trials
o Appendix E. Trach Collar Trial Weaning

Ventilation Protocol - Lung Transplant Surgery Patients
Goals: The goals of the Lung Transplant Surgery Protocol include all of the following:

To maintain the patient’s arterial pH between 7.35 and 7.45

To maintain the patient’'s PaO2 between 60 and 85 mm Hg

Tomaintainthe patient’'s Sp0O2>90%

Tomaintainthe patient's PaCO2 <50 mm Hg

TomaintainanETCO2<45mmHgand PaC0O2<50mm Hg (during re-warmingandshivering)
Respiratoryrate<16

To provide an inspiratory pressure plateau of no greater than 30 cmH20

I s s o

InitialMode and Setting Selectionupon Admissionto CTICU

(1 Mode: Theinitialmode willbe Pressure Assist-Control (PAC)

[0 Inspiratory Pressure (Tidal Volume)
o Inspiratory pressure will be set to achieve an exhaled VT of 4-8 mL/kg of the patient’s
ideal body weight.
= Total pressure willnotexceed 30 cmH20.
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[0 Respiratory Rate (f)=10 (then adjustedto control PaCO2)
[J FiO2andPEEP
o StartwithaFiO2of0.21toachieve aPaO2 > 65
o PEEP=8cmH20
Inspiratory Time (Ti) will be setbetween 1.4-1.6 seconds on sedated patients.
PulmonaryVasodilator Therapy: Perproviderorder.
[l Non-invasive Monitoring (Continuous):
o Pulse Oximetry
o Capnography
= Continuously from admission to unit until extubation or for up to 24 hours post
admission.
= Patientsreceivingtrach collartrials.
= 24 hours post reintubation
= Onthe order of a provider.

O O

Subsequent Adjustments and Weaning

[J Obtain an arterial blood gas within 30 minutes after admission:
o AssessthePaCO2-ETCO2gradient.lf<10mmHg, patientstable, noacidosis, use
ETCO2toadjustrespiratoryrate unless otherwise stated.

O

Oxygenation: : Appendix A: FIO2/PEEP Table

[J Managementduringre-warmingand shivering
o AdjustrespiratoryratetokeepETCO2<45mmHg, PaCO2<50mmHg
o Treat shivering (nursing)

Elevate HOB 30° unless otherwiseordered

O

OJ

Weaning
o Patientmustbe hemodynamically stable.
o Assess ABG to ensure PaO2 > 65 mm Hg, PaCO2 <50 mm Hg, pH 7.35-7.45
o ChangetoPSV 10cmH20 (40%, 5 PEEP) from PAC when ETCO2 <45mm Hg, and
reliable, spontaneous respiratory drive present.
Extubation — Refer to the following...

[0 Appendix D: Daily Spontaneous Breathing Assessment and Trial (SBT) and
[J  Appendix F: Extubation Criteria

Weaning from Mechanical Ventilation — Trach Collar Trials

[0 Appendix E. Trach Trial Weaning

Patient Assessmentand Ventilator Monitoring—Patientassessmentandventilatormonitoring willbe
performed to determine the patient’s clinical status and progress toward goals.
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[0 TheRCPwillassessthe patientand monitorthe ventilator...
o Immediately after initiating mechanical ventilation
o At6-hourintervals (approximately) thereafter
o Wheneverthere is a change in the level of support (mode) provided or a change in
settings that effects minute ventilation or mean airway pressure.
o Wheneverthereis an acute change in the patient’s condition signaled by a rapid
deterioration in vital signs or oxygenation or a change in ventilation.
[0 Patientassessmentand ventilator monitoringwill consistof...
o Anevaluation of the performance of the mechanical ventilator to include:
= Settingsand monitored data
= Graphics—waveformsandloops (ifavailable)
o An evaluation of the patient’s response to ventilation support (to include but not limited
to):
= Breath sounds, vital signs, and physical appearance
= Arterialbloodgases (ifavailable)
= Data from non-invasive monitors, e.g. SpO2 and ETCO2
= Chest radiograph (if available)

Action to be taken in the event of an acute deterioration in the patient’s clinical condition.

In the event of an acute deterioration in the patient’s condition during the course of mechanical
ventilation as evidenced by acute oxygen desaturation (SpO2 < 80%), acute hypotension (mean BP drop
of >20 mmHg), an acute increase in airway pressure or an acute decrease in tidal volume the respiratory
care practitionerwill...

[0 Immediately notify the nurse and provider.
[0 Manually ventilate the patient with a manual resuscitator set to deliver a FiO2 of 1.0.
[1  Assess the patient to rule out one of the following conditions:
o Acute airway obstruction
Bronchospasm
Pneumothorax
Flash pulmonary edema
Aspiration
Airway misplacement — e.g. accidental extubation or decannulation, intubation of the
right-mainstem bronchus.
o Equipmentfailure
o System leak/disconnect
[0 Recommend to the provider that an arterial blood gas sample be obtained if the acute
decompensation has resulted in profound hypoxemia or acute hypotension.

[1  Recommend to the provider that a “stat” chest radiograph be obtained.

O O O O O
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Appendix A: FiO2/PEEP Table

Oxygenation Goals:

U
U
0

60 mmHg<Pa02<85mmHg(
Sa02>90%
Sp02 >90%

Clinical Application of Standard: If not at goal, move up one step, if above goal(s) move down one step —

PEEP adjustments within each step are based on clinical assessment.

FiO2 PEEP
<.40 5
0.40-0.60 5-8
> 0.60 8-15

Appendix B: Arterial Blood Gases

An arterial blood gas sample should be obtained within 30 minutes following the initiation of mechanical
ventilation.

Subsequent arterial blood gas samples should be obtained...

U
U

Upon receipt of a provider’s order

Following a ventilator setting change that is intended to stabilize or achieve ventilation and/or
acid-base goals.

Following a ventilator change that is intended to stabilize or achieve oxygenation goals for the
patient receiving total mechanical ventilation support (when non-invasive monitoring is
unavailable to insufficient to provide reliable data).

Toassess the oxygenation, ventilation, and acid-base effects resulting from the changeoverto
partial mechanical ventilation support from total mechanical ventilation support.

To assess the oxygenation, ventilation, and acid-base effects resulting from a ventilator setting
change that leads to a significant change in respiratory rate, tidal volume and/or minute volume
for patients in either total or partial mechanical ventilation support.

Appendix C: Tolerance Criteria
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Patient may be considered intolerant of the partial support settings or a SBT if any of the following

exists:

0

|

Development of rapid, shallow breathing: f =2 35 or an increase of = 10 breaths per minute over
previous respiratory rate.

Intolerable dyspnea, diaphoresis, excessive use of accessory muscles, or development of
paradoxical respirations.

Heart rate > 120 or a change in heart rate of = 20 that cannot be attributed to another cause.
Diastolic blood pressure change of 20 mm Hg that cannot be attributed to another cause.
Development of cardiac arrhythmia, deterioration of mental state, or deterioration of arterial
blood gases.

Appendix D. Daily Spontaneous Breathing Trial

The patient requiring mechanical ventilation should be assessed daily to determine readiness for
extubation and discontinuation of mechanical ventilation support with a Spontaneous Breathing Trial
(SBT). In patients requiring mechanical ventilation for more than 21 days, SBTs should be considered
when on PSV.

O

O

The RCP willconducta SBT on patients who meet the following indications:

o Fi02<0.4

o PEEP<8cmH20

o Areliable, spontaneous respiratory drive regardless of mode or level of support

provided.

o Tolerance criteria outlined in Appendix C is met.

o The patient’s overall condition is stable or improving.
ASBTisnotindicatedforpatients...

o receiving neuromuscular blockade
on HFOV
with an inspiratory to expiratory ratio = 1:1
withapH<7.20
with an impending Ml
with a BP systolic of < 80; MAP <60, or HR > 120 and/or the need for vasopressor
therapy (dopamine or dobutamine) = 10 o«cg/kg/min, or more than one vasopressor b
maintain hemodynamic stability
The SBT willbe performedwith alowlevel of CPAP (5-8 cmH20), PSV 5with5-8 cmH20 PEEP,
orautomatic tube/airway compensation (ATC/AAC) while maintaining the ventilator’s FiO2.
The head of the bed should be elevated to 30 degrees.
The RCP will monitor the patient closely for the first five minutes of the SBT to assess tolerance
and, if tolerated the SBT will continue for at least 30 minutes but not greater than 120 minutes.
Patients who tolerate the SBT will be considered for extubation (see Tolerance Criteria in
Appendix C).
At the completion of the trial, the following will be documented in the medical record:
Mode (e.g., PS-SBT, CPAP-SBT or ATC/AAC)
Respiratory rate
Minute volume
Tidal volume

O O O O O

O O O O
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o fIVT
Patients who fail the SBT trial will be returned to mechanical ventilation at previously tolerated
settings.
A note will be entered into the medical record to indicate the reason for failure (e.g., high f/VT).
A note will be entered into the medical record to indicate the reason a SBT was not indicated in
patients notreceiving an SBT despite meeting criteriaabove
Extubation

o TheRCP willrecommend extubation or discontinuing mechanical ventilation support

when the patient meets the extubation criteria listed in Appendix F.
o The RCP will extubate the patient upon receipt of a provider’s order.

Appendix E. Spontaneous Breathing Trials in tracheotomized patients

[

O

Spontaneous breathing trials for tracheotomized patients combine periods of spontaneous
breathing, generally of increasing duration, with periods of mechanical ventilation support for
patients who meet criteria in Appendix D.

The decision to initiate and conduct these trials will be made by the medical care team as part of
the daily plan of care. A provider’s order is required to initiate a spontaneous breathing trial for
tracheotomized patients.

The patient will be removed from mechanical ventilation support and placed on a High Flow
device. Flow and FiO2 will be adjusted to meet SpO2 goal.

The patient will be placed on a continuous end tidal CO2 monitor with alarms set 1L0mmHG
above and belowtheir established baseline endtidal CO2.
o *ETCO2willnotbe monitored during Passey-Muir Valve use.
o *ETCO2maybediscontinued oncethe patientis successfully liberated from mechanical
ventilation > 48 hours.
Patient tolerance will be assessed (Appendix C).
The RCP willreturnthe patient to mechanical ventilation support...
o Ifthe patient fails to meet tolerance criteria, or
o According to the time interval determined by the medical team (plan of care), or
o To "rest" the patient overnight with the intention of continuing trial the following
morning.

Appendix F: Extubation Criteria

A patient should be considered for extubation when the following criteria are met:

U
U

O

Patientis abletotolerate a Spontaneous Breathing Trial.

Adequate airway protection, areliable respiratory drive, and airway suctioning no more
frequently than every two hours.

Successful ‘cuffleak test’in patients suspected of possible upper airway abnormalities.
NIFM 2 -25 (Lung Transplant Patients)
Diaphragm unclamped (Lung Transplant Patients)

page 18



899 REFERENCES

page 19



900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921

922
923

924

925
926

Epoprostenol: Adult Inhaled Pulmonary Vasodilator Protocol

PATIENT POPULATION:

Patients receiving Nitric Oxide (iNO) for pulmonary vasodilator therapy are eligible for continuous
aerosolized or inhaled epoprostenol .

DESCRIPTION:

Veletriis a naturally occurring prostaglandin that serves as a potent vasodilator and is an effective
inhibitor of platelet aggregation. Aerosolized Veletriis used as a selective pulmonary vasodilator when
administered by inhalation, it has been shown to improve oxygenation, reduce pulmonary shunt,
lowerpulmonary artery pressure and pulmonaryvascularresistance.

INDICATIONS:

Post-cardiothoracic surgery patients located on 7 West for management of pulmonary hypertension,
right ventricular dysfunction, or refractory hypoxemia.

PREPARATION/STORAGE/DISPENSING:

[1  Veletrisyringesshallbe prepared by the pharmacy sterile preparation cleanroom (SPC). Standard
concentration of syringeis 1.5 mg/50 mL (30,000 ng/mL).

[1 Prepared Veletrisyringes shall be given a7 days refrigerated beyond use dating.

(1 Anon-patient specific supply of syringes will be stored in the Omnicell controlled refrigerator in the "B"
medication room on 7W. Only Respiratory Medications will be stored in this refrigerator.

page 20



927

928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964

965
966

967
968
969
970
971
972
973
974

[0 Toassureongoingappropriate inventory management, respiratory therapists shallaccessthe
Veletri syringes by logging into the Omnicell cabinet and selecting the drug for removal each

time.

ADMINISTRATION GUIDELINES:

1. Patient will present with Veletri from the operation room at a dosage rate of 50
ng/kg/min.

2. Theusualdosagerangeis 15-50 ng/kg/minbased onideal body weight (IBW).

3. Theusualstarting dose of aerosolized Veletriis 50 ng/kg/min.

4. Thedose of 50ng/kg/minis at the upper end of the dose range used in most clinical
studies.

5. In order to increase the likelihood of a timely response it is preferable to start at 50
ng/kg/min and then, if needed, titrate dose down once a favorable response has been
confirmed and the patient is stable.

6. Dosageadjustments should be madeinincrements/decrements of 5ng/kg/min.

7. Anyvariation from the standard concentration forinhaled use will require approval
from RT and pharmacy administration.

8. Syringe must be changed ata minimum of every 24 hours; nebulizer and connecting
tubingchangedevery7days.

9. Veletriisadministered usingaspecialnebulizerset-up as described below.

10. Veletrican be administered during invasive or noninvasive ventilation, and via facemask
orHighFlownasalcannula.

ASSESSMENT OF RESPONSE:

The desired response toinhaled Veletriis a decrease in pulmonary artery pressure, improved
hemodynamics, and/orimproved arterial oxygenation.

PRECAUTIONS AND SIDE EFFECTS:

1.
2.

EQUIPMENT:

AN .

Inhaled Veletrihas fewer adverse effects than intravenous administration.

Systemic effects such as hypotension, nausea, flushing, headache, and dizziness are rare
except at very high doses. If hypotension should occur when initiated, stop the drug,
reinitiate INO and contact the ICU team.

Veletrihas an alkaline pH, it can be anirritant when inhaled, causing severe coughing.
Abruptwithdrawal ofinhaled Veletri can cause rebound pulmonary vasoconstriction
and hypoxemia, butthisisrare.

Medfusion 3500 Infusion pump

Aeroneb Pro-xcontrol unit, Aeroneb Pro-x nebulizer with T adapter, Aerogen Tubing Set
50 mL Veletrisyringe prepared by pharmacy

Hydroscopic filters to be placed between expiratory limb and ventilator exhalation filter)
with Q4H change and PRN (forinvasive ventilation)

Smallsyringe containing sterile saline solution
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PRACTITIONER ROLES:

Nursing/Respiratory Therapy Considerations

1
2.

No ok

10.

EQUIPMENT SET-UP:

N

Any questions about the dose should be clarified with the pharmacist.

This therapy demands close collaboration between the respiratory therapist,
nurse, and pharmacist.

Drug administrationis documented in E-MAR, Respiratory Medication
Administration flowsheet and noted in the shift note by the respiratory
therapist.

Continuous oxygen saturation monitoringis required.

Standard unit-specific vital signs assessment is followed.

Aerosol delivery into the ventilator circuit or mask must be confirmed visually.
If the patientis receiving Veletri by face mask, assure that the mask is fitted
comfortably and is only removed for short periods; monitor oxygen saturation
closelywhenthe maskisremoved.

Care should be taken to avoid direct exposure to the aerosol emitted from the
nebulizer.

Masks are not required when entering the room or when involved in usual
caregiver activities in the room. However, N95 masks will be available for those
who choose to use them.

Although evidenceislacking for exposure during pregnancy, itisrecommended
that women who are pregnant do not enter the room during treatment.

Assure Aeroneb control unitis plugged into Uninterruptible Power Source (UPS).
AssurethatUPS and infusion pump are pluggedinto 110 volt AC power source.
Place additional expiratory filter between expiratory limb and ventilator
expiratoryfilter.(Q4H and prn change)
Confirm the dose in the E-MAR. A dose greater than 50 ng/kg/min will not be
used. If there are concerns about spillover systemic hypotension, a lower
starting dose (e.g., 30 ng/kg/min) should be used.
Scanthe patient's ID band, scan barcode on syringe label, and look for Maestro
Medication Administration window to appear.
Perform functional check of nebulizer.

= Inject 1 mL of sterile saline into nebulizer cup and t-piece assembly.

= Pressand hold the On/Off power button for 3 seconds.
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= Verify that Continuous Mode indicator illuminates and aerosol is
produced.
= Allow nebulizer cup to empty.
7. Attach Aerogen tubing set to syringe containing Veletri solution. Attach the
other end of the tubing to the luer connector for the nebulizer; this connector
should be separate from the nebulizer assembly at this time.

Program Medfusion 3500 Infusion pump.

1] Powerpumpon

——————

[] Select Respiratory Folder

[ Verify that the concentration printed on the syringe label is 1.5 mg/50mL and press "Yes".
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[

OOd oo

Choose B-Dsyringe.

Place 60 mL syringe containing 50 mL Epoprostenol (Veletri) solution into infusion pump and
press "Enter".

Enter patient's ideal body weight (ideal body weight) in KG

Enter starting dose 50 ng/kg/minasordered

Prime the tubing by press and holding BOLUS until tubing is primed, (approximate priming
volume 3.7 ccs’)

Confirm no "air"is in Aerogen tubing

The dose set on the pump will be confirmed by a second clinician (respiratory therapist or
nurse).

Attach tubing from Veletri syringe to nebulizer.

Place Aeronebnebulizerunitinto T-piece.

Attach cable between Aeroneb control unitand nebulizer

Press START (green button) on pump to begin dose after nebulizerisincircuit. Observe
nebulizer for aerosol production.
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1065 [0 Responsetotherapy should be assessed after 30-60 minutes. Determination of criteria for
1066 response should be established by the clinical team before therapy is initiated. A general
1067 guideline is that there should be a 20% improvement in oxygenation or hemodynamics to
1068 continue therapy after 1 hour.

1069 [J  Maximum dose is 50ng/kg/min. A lack of response at this dose level should prompt
1070 discontinuation of therapy

1071 [ Ifhypotensionoccurs, dose should bereduced.

1072 [0 Dosage adjustments should be made inincrements/decrements of 5 ng/kg/min.

1073 [J  After 4 hours of clinical stability, consideration should be given to dose reduction.

1074

1075 Changing Dose:

1076

1077 [J Select Change dose (ng/kg/min)

1078 [J Enternewdose, pressstart.

1079

1080 Syringe Change:

1081

1082 [J The Veletrisyringe is changed at least every 24 hrs or whenever the remaining volume in the
1083 syringe reaches 5 mL

1084 [1 Theconnectingtubingand nebulizer only need to be changed every 7 days.

1085 o (Thesyringe will need to be changed in less than 24 hrs when the infusion rate is greater
1086 than 1.8 mL/hr).

1087

1088 1. TochangesyringepressSTOP

1089 2. Removetubingfromnebulizerand close

1090 port

1091 3. Removesyringe

1092 4. Remove tubing from syringe and attach to

1093 new syringe

1094 5. PlacenewsyringeinpumpandPrime

1095 tubing

1096 6. Reattachtubingtonebulizer

1097 7. Press START

1098 8. Obervefordelivery andaerosol

1099 production

1100

1101 Invasive ventilator assembly:

1102

1103 1. Connect T-piece into circuit at humidifer inlet (dry side); be certain that nebulizer cup is upright.
1104 2. Placedisposablebacterial/viralfilter before exhalationvalve assembly.

1105 [J Changethefilter every 4 hrs and PRN if resistance to expiratory flow is noted.
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3. Anactive humidification system must be used. Do not use a Heat-Moisture Exchanger (HME) during
administration of inhaled Veletri.

e

Transport Ventilator Assembly:

Place filter on ventilator outlet port

Connect T-piece/aerogen assemblyinto filter outlet.

Insert Expiratory filter on limb

Be certain that nebulizer cup is upright.

Do not use a Heat-Moisture Exchanger (HME) during administration ofinhaled Veletri.

arwdPE

Noninvasive Ventilator Assembly:

1. Use a non-vented mask.
2. Placethe nebulizer between the leak port and the mask.
3. Becareful to position the mask so that the nebulizer cup remains in a vertical position.

Mask Assembly:

1. Attach Aerogen “Mask Adapter” to Aerosol Mask inlet
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1132 2. Connect small bore O2 tubing to bottom inlet port of adapter
1133 3. Place Aerogen nebulizer in Aerogen adapter
1134

1135 High flow Nasal Cannula Assembly:

1136
1137 1. Connect T piece to humidifier inlet with the nebulizer cup in an upright, vertical position.
1138 2. Connect high flow nasal cannulato the other end of T piece.
1139 3. Adjust oxygen flow meter to desired flow rate (liters/minute)
1140
L —w
‘% ‘ D
-l ..;:9—; Lers e drd h}
P :
1141 |
1142 Manual Ventilation Assembly:
1143
1144 1. For patients with an artificial airway, place the T piece between the manual ventilator (AMBU)
1145 outlet and the endotracheal or tracheostomy tube. Be certain that the nebulizer cup is in a
1146 vertical position.
1147 2. Ifanon-intubated patient requires emergency ventilation, immediately initiate manual bag-
1148 valve-mask ventilation.
1149 3. Ifemergency ventilation is needed, the first priority is adequate ventilation and oxygenation and
1150 the secondary priority is administration of aerosolized Veletri.
1151
1152
1153 Equipment Maintenance
1154
1155 1. Disposablehydroscopicfiltersaretobe changed Q4handprn.
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2. Aeronebnebulizertobe changed Q7 daysand prn.
3. Syringelinetubingto be changed Q7 daysand prn.

RECOMMENDED DOSING STRATEGIES:

1. Theusualdosage range is 5-50 ng/kg/min based on ideal body weight. Do notuse a dose greater
than 50ng/kg/min.

2. Theusualstarting dose of aerosolized Veletriis 50ng/kg/min.

Dosage adjustments should be made inincrements/decrements of 5ng/kg/min.

4. Theinitial dose of 50ng/kg/min is at the upper end of the dose range used in most clinical
studies.

5. Assessthe response to therapy within 30-60 minutes of initiation.

After 4 hours of clinical stability, consideration should be given to dose reduction.

7. Athighdoses, thereis a potential for systemic effects, which results in systemic hypotension.
There is a potential for rebound pulmonary vasoconstriction and hypoxemia when Veletriis
abruptly discontinued, but it is probably less than that for inhaled nitric oxide.

8. Bepreparedtoincrease the FIO2 and supporthemodynamics during discontinuation. If rebound
occurs, it may be helpful to wean the dose slowly before discontinuation.

w

S

WEANING

GENERAL COMMENTS: Right Heart hemodynamics include: SVO2, CO, CI, PAsys/dia, CVp. Thereis a
potential for rebound increase in pulmonary vasoconstriction and hypoxemia when Veletri is
abruptly discontinued. Weaning of Epoprostenol will commence following communication and
consent of the Provider team. Prior to each dosing change, Right Heart hemodynamics will be
assessed and documented in the comment section of the MAR for Epoprostenol by inhalation. In
general, the Right Heart parameters should meet the following criteria before weaning or
discontinuation: SvO2> 65, CVP <15,=""ci="">2.2, and adequate oxygenation. Pulmonary arterial
pressure values will vary but should remain stable during weaning and trial off.
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WEANING PROCEDURE:
1. Obtain consent for weaning commencement from provider team.

2. Thefollowing decrement strategy will be used:

Dose Action
50 Dosage rate at start of wean
45 Observe RightHearthemodynamics and decrease doseto
45ng/kg/min only and allow stabilizing for 1 hour.

35 Observe RightHearthemodynamicsanddecrease doseto
35ng/kg/min only and allow stabilizing for 1 hour.

25 Observe RightHearthemodynamicsanddecrease doseto
25ng/kg/min only and allow stabilizing for 1 hour.

15 Observe RightHearthemodynamicsanddecrease doseto
15ng/kg/min only and allow stabilizing for 1 hour.

If Right Heart hemodynamics are stable, notify Provider for
Off Discontinue of Epoprostenol and observe for 1 hour before taking
down setup

3. Ifrebound worsening of pulmonary hypertension, reduced SvO2 <65, increased
cvp by more than 5 mm Hg or cvp value is > 15 mm Hg, reduced Cl < 2.2, or
hypoxemia occurs during any dosing decrease, return to last dose, and notify
provider team. Provider may choose to resume wean in 1 hour or halt weaning at
current dose until further discussion.

DISCONTINUATION:

1. Once weaning protocol has been completed, notify the provider team of
hemodynamic stability with Epoprostenol off after 1 hour.

2. Ifreboundworsening of pulmonary hypertension, reduced SvO2 < 65, increased
cvp by more than 5 mm Hg or cvp value is > 15 mm Hg, reduced Cl < 2.2, or
hypoxemia occurs during any dosing decrease, return to last dose, and notify
provider team. Provider may choose to resume wean in 1 hour or halt weaning at
current dose until further discussion.

DOCUMENTATION
1. MARdocumentation: Scan patientand scan medication. Enterdose andrate asdelivered.
2. Respiratory Medication administration—Documet continuous nebulizer on Respiratory
Medication Administration flowsheet. Use this comment section for care notes.

CAREGIVER PROTECTION CONCERNS:

1. Toxicity: Veletrihas no knowntoxic effects ortoxic metabolites.
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Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not
been performed to evaluate carcinogenic potential. A micronucleus test in rats revealed no
evidence of mutagenicity. The Ames testand DNA elution tests were also negative, although the
instability of Veletri makes the significance of these tests uncertain. Fertility was notimpaired in
rats given Veletri by subcutaneous injection at doses up to 2.5 times the recommended human
dose.

Pregnancy: Pregnancy Category B. Reproductive studies have been performed in pregnant rats
and rabbits at doses up to 2.5 times the recommended human dose and have revealed no
evidence of impaired fertility or harm to the fetus due to Veletri. There are, however, no
adequate and well-controlled studies in pregnant women.

Recommendations:

o The patient should be in a single patient room, but it does not need to be a negative
pressureroom andthe doordoes not needto remain closed.

o Asignwillbe placedonthedoortoindicatethatinhaled Veletriis being administered.

o Care should be taken to avoid direct exposure to the aerosol emitted from the
nebulizer.

o Masks are not required when entering the room or when involved in usual caregiver
activities in the room, but N95 masks will be available for those who choose to use
them.

o Women who are pregnant should not enter the room during treatment.

Storage and Cleaning of System

1.

Disposable equipment, (nebulizer, t-piece, syringe, syringe tubing) will be removed and discarded in the
patient room upon termination of use.

2. The administration system will be disinfected with “Sani-wipes” prior to removal from the patients’ room
andplacedinadesignated RCS Equipmentstorage roomfor 7W.

3. Administration systems will be plugged in to electrical outlets while in storage to maintain full battery
charge.
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Transport of the Mechanically Ventilated CardioThoracic Patient on inhaled Nitric Oxide or inhaled
Epoprostenol

This policy sets forth the standards for transporting the mechanically ventilated cardiothoracic
patient on inhaled nitric oxide (iNO) or inhaled Epoprostenol (iEPO) within Duke University
Hospital by respiratory care practitioners.

Patient transportincludes patient preparation, movement to and from the ICU, a diagnostic
suite, Operating room, and time spent at the destination.

Fortransport, a mechanical ventilator designed for transport and the Pulmonary Vasodilator
systeminuse (iEpo, iNO), will be utilized.

ETCO2 will be monitored during all transports of mechanically ventilated patients.

All mechanically ventilated patients will be accompanied during transit by a respiratory care
practitioner (RCP).

If the patient is scheduled to undergo a procedure in the operating suite, the RCP may return to
his/her assigned area after verbal hand off with the Attending Anesthesiologist.

Description

[0 Mechanically ventilated patients on inhaled pulmonary vasodilators are transported within the

hospital for diagnostic or therapeutic procedures that cannot be performed in an in-patient unit.
To insure patient safety, respiratory care practitioners will make every effort to provide and
maintain an appropriate and constant level of ventilation, oxygenation, and pulmonary
vasodilator delivery during transport.

The RCP will assess the patient’s airway, ventilation and oxygen status prior to the transport. If
the patient is hemodynamically unstable or if difficulty maintaining the patient’s ventilation or
oxygenation status is anticipated during transport, the RCP will voice these concerns to the
medical team.
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Indications

0

Transportof all patients using Respiratory Care owned equipment must be accompanied by a
Respiratory Care Practitioner.

Hazards and Complications

O

O

O

Hyperventilation during manual ventilation may lead to respiratory alkalosis, cardiac
dysrhythmia, hypotension, and decreased cerebral perfusion.
Loss of PEEP/CPAP may resultin hypoxemia and decreased oxygen delivery.
Disruption of inhaled pulmonary vasodilator may cause rebound pulmonary hypertension
and/or hypoxemia.
Position changes may resultin hypotension, hypercarbia, hypoxemiaandloss ofthe airway.
o Movement may cause disconnection from ventilator support.
o Movement may resultin accidental extubation.
Tachycardiaand otherdysrhythmias have beenassociatedwithtransport.
Equipment failure can resultin inaccurate data or loss of monitoring capabilities.
Loss of oxygensupply mayleadto hypoxemia.

Contraindications

0

[ I O B

Inability to provide adequate oxygenation and ventilation during transport either by manual
ventilation or mechanical ventilation.

Inability to maintain acceptable hemodynamic performance during transport.

Inability to adequately monitor the patient’s cardiopulmonary status during transport.
Inability to maintain airway control during transport.

Transport should not be undertaken unless all the necessary members of the transportteam are
present.

Respiratory Care Resources

Amanualresuscitatorwithin-line pressure manometer, PEEP valve, and mask mustaccompany the
patient during transport.

iINOMAX DSir
Medfusion 3500

Aerogen Aeroneb

Portable oxygen supply [‘€’ cylinder(s)] of adequate volume.

Viasys Vela Transportventilator and patient circuit.

Procedure

0

The RCP will gather all required respiratory care resources and bring the equipmentto the
bedside.
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[0  The RCP will set-up and test the transport ventilator according to department procedure.
* May use Vela Pole mount system or Stand Alone pole on wheels for Aerogen/Medfusion system.
[0  TheRCPwillplaceinline the Pulmonary Vasodilator systemin use per departmentguidelines.
o INO Transport
= Ensure adequate supply of gas (>1000 psi)
= NoHMEinline
= Injector Module and sampling line inserted per departmental guidelines

= Ensureadequate supply of Epoprostenol(minimum30cc’s)
= NoHMEinline
= Nebulizer placed post filter on inspiratory limb
= Expiratory filter in place
= *Mayuse VelaPole mountsystem or Stand Alone system onwheels.
[0 The RCP will adjust the transport ventilator to provide an adequate level of ventilatory support

o TheRCPshouldduplicatethe patient’s existingventilator settingswhenever possible.

o The RCP willinsure that an appropriate respiratory rate is set (minute ventilation)
whenever sedation may be administered during the transport procedure to avoid
hypoventilation, hypercapnia, and hypoxemia.

[0 The RCPwillensurethe airway is secure and in proper position before leaving the unit.

o The RCP will monitor the patient during transport to insure artificial airway stability and
patency.

[J Priorto leaving the unitthe RCP will assess the transport ventilator’s ability to provide an
adequate level of ventilation support by observing the monitored

o Exhaled tidal volume

o Minute volume

o Respiratory rate.

o Sp0O2

o ETCO2

[J  Onarrival to destination, the RCP will review all above monitored parameters and verify stability
ofvaluesandsystem.

[J Ifthe patientis scheduled to undergo a procedure in the operating suite, the RCP may return to
his/her assigned area after verbal hand off with the Attending Anesthesiologist.

o Hand off will include a review of the pulmonary vasodilator system in use, the
mechanical ventilator, and the procedure for ordering inhaled epoprostenol from OR
pharmacy.

o TheRCP will provide the Anesthesiology team with his/her pager/phone number so that
he/she may be contacted.

[J Documentation of transport will be done in the EMAR per department standards.
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OR Support for Epoprostenol

The use of inhaled Epoprostenol is moving forward into the OR. We have supported 5 cases thus
far and an additional 2 cases that were on inhaled epoprostenol and required to return to the OR.

To continue this support, please note the following and contact a supervisor or J Cappiello when

inhaled epoprostenol in the OR is requested.

New OR Case requiring Epoprostenol

1. Contact Supervisor/J Cappiello to obtain F&P heater

2. Obtain Medfusion/Aerogen delivery unit, 3 Aerogen nebulizers, circuit tee and infusion
tubing, heated wire circuit, and 1 L sterile water for humidification.

3. Proceed to OR requesting unit.

4. Place Unit between OR bed and anesthesia machine and set up circuit from anesthesia
inspiratory port, to humidifier, to patient and return to exhalation port, (as in the PB840).

5. Inform Anesthesia to place order for Epoprostenol Inhalation

6. If Epoprostenol available, set up syringe pump assembly. If Epoprostenol not available,
instruct anesthesia to call when Epo is available.

7. Review circuit, delivery system, how to monitor neb, troubleshooting and dosing (IBW)
with Anesthesia.

8. HME may be used until Epo and Humidity is initiated.

9. Provide Anesthesia with RCS contact phone number and request to be called for Epo
initiation

10. Transport of this patient from the OR will occur with a transport ventilator
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No gk~ owDdpE

9.

Return to OR from CTICU on Epoprostenol

Contact Supervisor/J Cappiello

Consult with Anesthesia for duration of case and intra-operative ventilation plans
Place patient on transport ventilator with inhaled epo as per policy. No HME
Place two additional nebulizers in delivery unit basket

Ensure Epoprostenol volume is 40 cc or greater

Transport patient to OR on transport ventilator

Review delivery system, how to monitor, trouble shooting and dosing (IBW) with
Anesthesia team

If transport ventilator will be used for the case, review ventilator with Anesthesia team.
No HME.

Provide Anesthesia with RCS contact phone number

10. Transport of this patient from the OR will occur with a transport ventilator

i W- # [nspiratory Filter
7 @ to Nebulizer

Expiratory Filter

y
A%/ VL

page 37



1463

1464
1465
1466
1467
1468
1469
1470

1471
1472
1473
1474
1475
1476
1477
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488

Inhaled Nitric Oxide Protocol for the Adult Lung Transplant Patient in the Cardiothoracic Intensive Care
Unit

This protocol sets forth the standards for the use of inhaled nitric oxide (iNO) for the Lung Transplant
Patientinthe AdultCardiothoracic Intensive Care Unit(CTICU) by Respiratory Care Practitioners.

PATIENT POPULATION:

Lung Transplant patients receiving inhaled Nitric Oxide (iNO) for pulmonary vasodilator therapy.
DESCRIPTION:

INO (nitric oxide gas) is an odorless, colorless gas administered by inhalation. Nitric oxide, the active
substance in INO, is a vasodilator and when inhaled, vasodilation is limited to the pulmonary
vasculature.

INDICATIONS:

Lung transplant patients located on 7 West for the management of pulmonary hypertension, right
ventricular dysfunction, or refractory hypoxemia.

ASSESSMENT OF RESPONSE:

ThedesiredresponsetoiNOisadecreasein pulmonaryartery pressure, improved hemodynamics,
and/orimproved arterial oxygenation.
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PRECAUTIONS AND SIDE EFFECTS:

Hypoxemia secondary to Methemoglobinemia

Airway inflammation due to elevated NO,>1.5PPM. NO is a nitric oxide byproduct - not to be mistaken
with nitrous oxide (N20), an anesthetic gas).

EQUIPMENT:

INOmax DS IR

PROCEDURE and DOSING STRATEGIES

0

The RCP willfollow established departmental standards per INOmax DS IR policy forsetupand
administration.

INO therapy will be administered on provider order.

Thedoserangeis 0.5-20 PPM with the usual starting dose of 20 PPM.

INO therapy will be administered by the INOmax® DS IR system with the following equipment:
Viasys Avea

Puritan Bennett840

Viasys Vela

SensorMedics 3100B

OptifloHumidification System

o Nasalcannula

Incremental dose adjustments should be done by doubling current dose (notto exceed 20 PPM).
Decrements should be done by halving the current dose.

O O O O

The following parameters will be monitored to assess dose response: PAsys, PAdias, PAmean, CVP,
ClI,POx,SVO;

iINO canbe administered duringinvasive or noninvasive ventilation, Nasal Cannula, and High
Flow Humidity delivery.

DOCUMENTATION

0

0

Performed twice a shift and at each dosing change to include:
o NODoseset
o NODosemonitored
o NO2monitored
o Right Heart hemodynamic parameters, SVO2, Pulse Oximetry

o Tankpressure

Weaning will follow below guidelines.
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WEANING

GENERAL COMMENTS: Right Heart hemodynamics include: SVO3,ClI, PA sysidia, CVP. Thereisa
potential for rebound increase in pulmonary vasoconstriction and hypoxemia when iNO is abruptly
discontinued. Weaning of iNO will commence following communication and consent of the Provider
team. Prior to each dosing change, Right Heart hemodynamics willbe assessed and documentedinthe
comment sectionof the Nitric Flowsheet. In general, the Right Heart parameters should meet the
following criteria before weaning or discontinuation: SvO2 > 60, CVP < 15, ClI > 2.0, and adequate
oxygenation. Pulmonary arterial pressure values will vary but should remain stable during weaning and

trial off.

Obtain consent for weaning commencement from provider team.

Initiate weaning if non-ECMO, stable 2 hours post-op and no bleeding (chest tube output <
100 cc/hr) and hemodynamically stable. Reassess every 2 hours.

After initiation of weaning, one or more of the following conditions warrant a return to the
last dose and notification of the provider team. Provider may choose to resume wean in 1
hour or halt weaning at current dose until further discussion.

PFratio200orless

Pa0O2 <70mmHg

Fi02>0.40

pulmonary hypertension (MPAP >30mmHg)

reduced SvO2 <60 %

increased CVP by morethan5mm HgorCVP valueis>15mmHg
reducedCl<2.0duringanydosingdecrease

I I B |

Set Dose

Action

20

Dosage rate at start of wean

10

Observe Right Hearthemodynamics/oxygenation and decrease dose to 10 ppm only and
allow stabilizing for 60 min.

Observe Right Hearthemodynamics/oxygenation and decrease doseto 5 ppmonlyand
allow stabilizing for 60 min.

Observe Right Hearthemodynamics/oxygenation and decrease doseto 1 ppmonlyand
allow stabilizing for 60 min.

0.5

Observe Right Hearthemodynamics/oxygenation and decrease dose to 0.5 ppmonly and
allow stabilizing for 60 min.

Off

If Right Heart hemodynamics/oxygenation are stable, notify Provider for Discontinue of
iNO and observe for 60 min before taking down setup
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1559
1560 DISCONTINUATION:

1561

1562 1. Once weaning protocol has been completed, notify the provider team of hemodynamic stability
1563 with iNO off after 1 hour.

1564

1565 2. Ifreboundworsening of pulmonary hypertension, reduced SvO2 <60, increased CVP by more
1566 than 5mmHg or CVP valueis > 15 mmHg, reduced CI < 2.0, or hypoxemia occurs during any
1567 dosing decrease, return to last administered dose, and notify provider team. Provider may
1568 choose to resume wean in 1 hour or halt weaning at current dose until further discussion.

1569

1570 REFERENCES
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Inhaled Epoprostenol Protocol for the Adult Lung Transplant Patient in the Cardiothoracic Intensive Care
Unit

This protocol sets forth the standards for the use of inhaled epoprostenol (iEPO) for the Lung Transplant
Patient in the Adult Cardiothoracic Intensive Care Unit (CTICU) by Respiratory Care Practitioners.

PATIENT POPULATION:

Lung Transplant patients receiving inhaled epoprostenol (iEPO) for pulmonary vasodilator therapy.
DESCRIPTION:

Epoprostenol (Veletri) is a naturally occurring prostaglandin that serves as a potent vasodilator and is an
effective inhibitor of platelet aggregation. Aerosolized epoprostenol is used as a selective pulmonary
vasodilator when administered by inhalation, it has been shown to improve oxygenation, reduce
pulmonaryshunt,lowerpulmonaryarterypressure and pulmonaryvascularresistance.

INDICATIONS:

Lung transplant patients located on 7 West for the management of pulmonary hypertension, right
ventricular dysfunction, orrefractory hypoxemia.

ASSESSMENT OF RESPONSE:

ThedesiredresponsetoiEPOisadecreaseinpulmonary artery pressure,improved hemodynamics, and/
orimproved arterial oxygenation.
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PRECAUTIONS AND SIDE EFFECTS:

[0 IEPOhasfeweradverse effectsthanintravenousadministration.

[0 Systemic effects such as hypotension, nausea, flushing, headache, and dizziness are rare except
at very high doses. If hypotension should occur when initiated, immediately change to a lower
dose.

[0 IEPOhasanalkalinepH,itcanbeanirritantwheninhaled, causing severe coughing.

[0 Abruptwithdrawal of IEPO can cause rebound pulmonary vasoconstriction and hypoxemia, but
thisisrare.

EQUIPMENT:

[0 Medfusion 3500 Infusion pump

[J  Aeroneb Pro-xcontrolunit, Aeroneb Pro-x nebulizer with T adapter, Aerogen Tubing Set

[J 50mLEpoprostenolsyringe preparedbypharmacy

[0 Hydroscopic filters to be placed between expiratory limb and ventilator exhalation filter with

Q4H and PRN change (for invasive ventilation)

PROCEDURE and DOSING STRATEGIES

0

OO

The RCP willfollow established departmental standards per Epoprostenol policy for setup and
administration.

The usual dosage range is 5-50 ng/kg/min based on ideal body weight. Do not use a dose greater
than 50ng/kg/min.

Theusualstarting dose ofiEPO is 50ng/kg/min.

Dosage adjustments should be made inincrements/decrements according tothe weaning
protocol outlined below.

The initial dose of 50ng/kg/min is at the upper end of the dose range used in most clinical
studies.

Assess the response to therapy within 30-60 minutes of initiation.
After 4 hours of clinical stability, consideration should be given to dose reduction.

At high doses, there is a potential for systemic effects, which results in systemic hypotension. If
thisis suspected, the dose should be lowered.

Thereis a potential for rebound pulmonary vasoconstriction and hypoxemiawheniEPO s
abruptly discontinued, but it is probably less than that for inhaled nitric oxide.

Be preparedto increase the FIO2 and support hemodynamics during discontinuation. If rebound
occurs, it may be helpful to wean the dose slowly before discontinuation.

IEPO therapy can be administered through the following equipment:
Viasys Avea

Puritan Bennett840

Viasys Vela

V60

OptifloHumidification System
Nasal cannula

O O O O O
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o VenturiMask
[J The following parameters will be monitored to assess dose response: PAsys, PAdias, PAmean, CVP,
ClI,POx,SVO;

DOCUMENTATION

[J ARespiratory Care Assessmentandtype of medication administration will be documented
twice a shift

[0 eMARdocumentationwilloccurateachsyringe change and ateach dosing change.

o RightHearthemodynamic parameters, SVO2, Pulse Oximetry will be entered into the
comment section

WEANING

GENERAL COMMENTS: Right Heart hemodynamics include: SVO3,Cl, PA sysiia, CVP. There is a
potential for rebound increase in pulmonary vasoconstriction and hypoxemia when iEPO is abruptly
discontinued. Weaning of iEPO will commence following communication and consent of the Provider
team. Prior to each dosing change, Right Heart hemodynamics will be assessed and documented in the
comment sectionof the eMAR. In general, the Right Heart parameters should meet the following criteria
before weaning or discontinuation: SvO2 > 60, CVP <15, CI> 2.0, and adequate oxygenation. Pulmonary
arterial pressure values will vary but should remain stable during weaning and trial off.

1. Obtain consent for weaning commencement from provider team.

2. Initiate weaning if non-ECMO, stable 2 hours post-op and no bleeding (chest tube output <
100 cc/hr) and hemodynamically stable. Reassess every 2 hours.

3. Afterinitiation of weaning, one or more of the following conditions warrant a return to the
last dose and notification of the provider team. Provider may choose to resume weanin 1
hour or halt weaning at current dose until further discussion.

PFratio200orless

Pa0O2 <70mmHg

Fi02>0.40

pulmonary hypertension (MPAP >30mmHg)

reduced SvO2 <60 %

increased CVP by morethan5mmHgor CVP valueis>15mmHg

reducedCl<2.0duringanydosingdecrease

O 0O0O00good
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Set Dose Action
50 Dosage rate at start of wean
45 Observe RightHearthemodynamicsanddecrease doseto
45ng/kg/min only and allow stabilizing for 1 hour.
35 Observe RightHearthemodynamicsanddecrease doseto
35ng/kg/min only and allow stabilizing for 1 hour.
25 Observe RightHearthemodynamicsanddecrease doseto
25ng/kg/min only and allow stabilizing for 1 hour.
15 Observe RightHearthemodynamicsanddecrease doseto
15ng/kg/min only and allow stabilizing for 1 hour.
If Right Heart hemodynamics are stable, notify Provider for
Off Discontinue of Epoprostenol and observe for 1 hour before
taking down setup
1682
1683 DISCONTINUATION:
1684
1685 1. Once weaning protocol has been completed, notify the provider team of hemodynamic stability
1686 with iIEPO off after 1 hour.
1687
1688 2. Ifreboundworsening of pulmonary hypertension, reduced SvO2 <60, increased CVP by more
1689 than 5mmHg or CVP valueis > 15 mmHg, reduced CI < 2.0, or hypoxemia occurs during any
1690 dosing decrease, return to last administered dose, and notify provider team. Provider may
1691 choose to resume wean in 1 hour or halt weaning at current dose until further discussion.
1692
1693 REFERENCES
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INSPIRE-FLO Research Summary (copied fromIRIS) Version 1.4

Primary study objectives

Evaluate iNO and iEPQ in order to determine if they have similarimpact on clinical outcomes in end-
stage lung disease patients undergoing lung transplantation and end-stage heart failure patients
undergoing LVAD implantation or heart transplantation.

Perform a cost analysis to evaluate the average per-patient costto use each drug.
Sub-Study

The purpose ofthis sub-studyistounderstandthe role of RV muscle bioenergetics using targeted
metabolite profiling, which include acylcarnitines, amino acids, and ceramides, in order to (i) identify the
pathway throughwhichiPVD therapyimproves outcomes and affects RV mitochondrial fatty acid
utilization, and (i) identify plasma metabolites that predict responsiveness to iPVD therapy.

Secondary study objectives
Sub-Study

1.Circulating metabolic biomarkers will identify heterogeneity of response to iPVD therapy, by reporting
on this underlying RV muscle's mitochondrial fatty acid utilization for energy production.

Standard Research Summary
Purpose of the Study
Objectives & hypotheses to be tested

1. Aim |- Clinical Trial Investigation. In order to utilize Inhaled Epoprostrenol iEPO, Veletri®, Actelion
Pharmaceuticals, South SanFrancisco, CA,USA)asanacceptable alternative to Nitric Oxide
(iNO, INOMAX®, Mallinkrodt Pharmaceuticals, St. Louis, MO, USA) in adult patients, we
propose arandomized, prospective, double-blindedtrialinthe cardiothoracic surgical
population, which will evaluate the primary hypothesis that these two medications will have
similar efficacy in pulmonary vasodilation and a similar impact on clinical outcomes in end-
stagelungdisease patientsundergoinglungtransplantationand end-stage heartfailure
patients under durable LVAD implantation or heart transplantation (Table 1).

2. Aim Il - Cost-Capture Analysis. There will be a parallel prospective cost-capture analysis designed to
precisely acquire the expenses that each drug incurs per patient averaged across all patients
randomized to thatdrug.

Sub-Study

Central hypothesis - Patients who are refractory to changes in pulmonary vascular tone after iPVD
therapy will also display reduced right ventricular (RV) mitochondrial fatty acid
utilization through increased lipid infiltration of right heart muscle.
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2. Secondary Hypothesis - Circulating metabolic biomarkers willidentify heterogeneity of response to
iPVDtherapy, by reportingonthisunderlying RV mitochondrial fatty acid
utilization.

Background & Significance

Introduction. Inhaled Nitric Oxide (INO) is a selective pulmonary vasodilator (PVD) with FDA-approvalin
theneonatalpopulationalone. Inadultpatients,iNOisused off-labeltotreatpulmonary hypertension,
right ventricular (RV) failure, and ventilation-to-perfusion mismatch. Adult patients who undergo
durable LVAD implantation (e.g. Heartware®, Heartmate 2®, or Heartmate 3®) or cardiac transplantation
for end-stage heart failure or those that have endured lung transplantation as a result of end-stage lung
disease, composethelargestsubpopulationwhichreceives PVDtherapy atDuke University Hospital.
Intravenous EpoprostenolisFDAapprovedforadultpatientswith pulmonary hypertensionandisthe
only agent which has displayed mortality benefit in these patients. The inhaled formulation of
Epoprostenol (iEPO) was developed in order to maintain efficacy and avoid the systemic side effects of
vasodilation and thrombocytopenia. Inhaled IEPO is used off-label in our cardiothoracic surgical patients
fornew-onsetperioperative pulmonary arterial hypertension (PAH), known preoperative PAH, RV
dysfunction with LVEF > 35-40%, and promotion of ventilation to perfusion matching through alveolar
deposition ofthe prostanoid compound and vasodilation of the intimately associated intra-acinar
pulmonary arteries. This vasodilation can decrease pulmonary vascular resistance and can improve
oxygenation while avoiding systemic effects commonly seen in the intravenous formulation. iEPO has
been introduced in the cardiothoracic operating rooms (OR) and ICU as a cost-conscious alternative
medicationtoiNO.IEPOmaydisplayanequivalentefficacy profiletoiNO for pulmonaryvasodilation
and oxygenation and have a similarimpacton clinical outcomes. For the purposes of this writing,
thoracic transplantation will refer to both heart and lung transplantation.

Pharmacology. There are 3 major pathways that affect pulmonary vascular tone: 1) Nitric oxide
(vasodilatory), 2) Prostaglandin (vasodilatory), and 3) Endothelin (vasoconstrictive) pathways. During
cardiothoracic operations, particularly transplantation and LVAD surgery, there is an appreciable
imbalance in these pathways, which favors vasoconstriction. iNO administration, exerts its mechanism
of pulmonary vasodilation and ventilation-to-perfusion matching through exogenous NO delivery and
iIEPO applies asimilarmechanismviaexogenous prostacyclindelivery. Both agents are delivered through
mechanicalventilationtoventilated alveoliinorderto promote gasexchange atthe capillarybed. Both
inhaled medications are desirable in this population due to pulmonary selectivity, absence of systemic
vasodilation, as well as fast onset (5-10 seconds for iNO and 30-60 seconds for iEPQO) and quick titration
owingtoshort-halflives (10-20secondsforiNOand 1-2 minutesforiEPO). Thereisnodecisiontree
involved in the use of INO vs iEPO except for that patient’s known drug allergies which may preclude use
ofoneinhaled agentinfavorofthe other. Of note, endothelinantagonists (e.g. bosentan), which are
not part of our perioperative standard practice, are PO medications which require reliable
gastrointestinal absorption thatmay notbe presentduring high-dose inotropic support, and are not
readily titrated to effect as are the inhaled PVD, iINO and iEPO.

Contraindications and Adverse Effects. Absolute indications foriNO infavor ofiEPO are due to
prostaglandin allergy leading to anaphylaxis (extremely rare) or if the patient is pregnant due to risk for
labor induction as a result of prostacyclin agonism. Routine pregnancy testing is performed in the
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preoperative setting in line with established preoperative anesthesia testing criteria. Parturients rarely
present for thoracic transplantation or LVAD implantation. There are no absolute contraindications to
iNO therapy in adult patients but the iNO delivery device system routinely measures the toxic
metabolite of iINO, nitrogen dioxide (NOZ2), which can lead to hypoxemia during metabolite
accumulation. Additionally, methemoglobinemia (MetHb)is anotherrare adverse occurrence of
prolongediNO administration and MetHb levels are measured during arterial blood gas analysis.

Preliminary retrospective study supporting noninferiority hypothesis. In a retrospective study of 51 adult
cardiothoracic surgical patients (all-comers, including thoracic transplantation, durable LVAD
implantation, and non-transplant and non-LVAD cardiac surgical patients), requiring pulmonary
vasodilation, our groupillustrated similar efficacy between the use ofiEPO and iNO with respectto
optimizing RV hemodynamic variables, including pulmonary vasodilation and mixed venous oxygenation
(Table 2). Duringthisinvestigation,iNOwasinitiatedinthe operatingroom (OR)and continued during
transport and into the ICU. While in the ICU, postoperative hemodynamic stability was achieved within 2
hours and iINO was transitioned to iEPO over 30 minutes in order to provide continuous inhaled
pulmonary vasodilation and allow the patient to self-control during medication cross-over between iNO
andiEPO. Clinical variableswere followed at 5-minute intervalsfor 1 houraftertransition toiEPO. No
statistically significant differences were seen in hemodynamic variables during this transition (Table 2).
The small sample size and retrospective design, however, incorporated several confounding variables
that could not be controlled and prospective data was deemed necessary to achieve reliable conclusions
by evaluating clinical outcomes in order to change clinician practice patterns. Other investigations have
demonstrated equivalence in hemodynamic variables, mixed venous oxygenation, and ventilation-to-
perfusion matching when delivery of INO was compared with iEPO. These studies were, however, also
retrospective or inadequately powered to rely on conclusions related to outcome measures.

The large cost differential between these two agents remains an important concern for the health
system: iNOis approximately 8-fold more expensive thaniEPO, according to preliminary estimates based
on PVD usage. Previous reports have estimated the cost of INO administration to be between $95.00 —
$115.00perhourduringmedicationdelivery. The cost, however, hasnotprecisely capturedthetime
required to assemble the INO delivery system as well as resources utilized to breakdown this setup into
individual components following termination of delivery. The cost of IEPO delivery is captured at $14.83
perhour,whichincludes solution compounding by pharmacy aswell as processing for deliveryand
nebulization by respiratory care services. Additionally, the iEPO delivery-system setup is a one-time,
fixed cost for the duration of administration. Similar secondary resource utilization capture foriEPO is
required for accurate cost comparison between these two agents.

Sub Study

Acute right-sided heart failure (aRHF) strongly predicts the incidence of early death after left ventricular
assist device placement (Soliman Oll) or heart transplantation (Taghavi S) for the surgical treatment of
advanced left-sided heart failure. Although inhaled pulmonary vasodilator (iPVD) therapy is the
mainstay forvascular afterload reductioninaRHF, more than 40% of patients may be refractory to
treatmentand display persistently elevated pulmonary vasculartone withoutimprovementinright
ventricular (RV) muscle contractility. Healthy RV muscle contraction utilizeslong-chainfatty acids,
delivered to mitochondria by acylcarnitine molecules, for efficient energy production. Prior work in
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patients with aRHF and pulmonary hypertension has identified derangements in fatty acid transport into
mitochondria by acylcarnitines. Notably, lipid infiltration in RV muscle occurs during aRHF with
overexpression of ceramide metabolites (biomarkers of lipotoxicity). (Brittain EL) In circulating plasma,
long-chain fatty acid acylcarnitine (LC FA AC) metabolites are displaced from RV muscle cells and serve
asbiomarkersforaRHF.(Brittainand Luo) Reduced levels of LCFA AC areillustrated in such patients who
respondtovasaodilators by lowering pulmonary vasculartone andthis responseis associated with
improved survival.(Rhodes CJ) Members of my mentorship committee have shown thatplasmaLC FAAC
levels decrease to pre-left HF values after left ventricular assist device placement. (Ahmad T) However,
the molecular pathways underlying aRHF after surgery remain unknown and the clinical utility of
complimentary plasma biomarkers in guiding therapy has not been defined. Therefore, there is a critical
needtoidentifythe underlying metabolic aberranciesin RV muscle of cardiac surgical patients with
postoperative aRHF refractory to iPVD therapy. Without such information, novel personalized
therapeutic targets for aRHF after surgery will remain limited

Design & Procedures
Aim | — Development of a Definitive Clinical Trial Investigation.

1. Randomizationand Double-Blinding. The clinicalresearch unit(CRU) willreceive preoperative
notification of lung and heart transplantation patients by reviewing the transplant waitlist. Preoperative
notification of LVAD implantation willbe done by the review ofthe cardiothoracic surgical schedule.
Using a 50% randomization process utilized and established by the CRU at Duke University Hospital,
each eligible patient will be randomized to receive either iNO oriEPO. The primary endpoint data will be
collectedand documentedinan electronic data capture system during the period oftime the patient,
clinical careteam, and studyteamare blinded. Primary endpointdatacollectionwillbe complete prior
to the subjects’ discharge from the ICU, at which point the unblinding will occur. Since primary endpoint
data collection will occur during the blinded period, the potential for bias will be substantially
minimized.

2. Measured Outcomes. The primary endpointforthe comparison of efficacyinthe Lung Transplant
populationwillbe theincidence of Grade 3 Primary Graft Dysfunction (PGD). Thisis defined by the
International Society of Heartand Lung Transplantation (ISHLT) as severe hypoxemia with a PaO2-to-
FiO2ratio <200 orthe presence of venovenous extracorporeal membrane oxygenation (VV ECMO) atan
time-pointwithinthefirst 72 hours afterlung transplantation. The primary endpointfor the comparison
of efficacy in LVAD patients will be incidence of moderate or severe RV failure according to Interagency
Registry for Mechanically Assisted Circulatory Support INTERMACS) scoring. The primary endpointfor
the comparison of efficacy in the heart transplant subset will be the incidence rate of RVAD insertion.
Secondary endpoints related to clinical outcomes for all populations will be duration of postoperative
mechanical ventilation, , ICU Length of Stay (LOS), hospital LOS, incidence of acute kidney injury,
incidence of in-hospital mortality, as well as postoperative mortality at 30-days, 90-days, and 1-year
after operation (Table 1).

Aim Il —Cost-Capture Analysis.

In parallel with the design & procedures of Aim |, the cost capture analysis component will be essential
inorderto better gauge the costdue to duration of administration (variable cost) accordingtoeach
inhaled PVD. Established clinical criteria specificto each group (lung transplantation vs. heart

Page 49



1865

1866
1867
1868
1869
1870

1871

1872
1873
1874
1875
1876
1877
1878
1879

1880
1881

1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893

1894

1895
1896

1897
1898

1899
1900

1901
1902
1903

INSPIRE-FLO Research Summary (copied fromIRIS) Version 1.4

transplantation/LVAD implantation) have been developed to determine the inception of protocolized
PVD weaning. Weaning medications according to established protocols will allow for accurate
interpretation of the comparative length of therapy between iNO and iEPO and help prevent erroneous
PVD usage without criteria for discontinuation. Secondary resource utilization will be documented by
respiratory care services and itemized cost sheets will be developed.

Sub-Study

This sub study will leverage the target enroliment of 224 patients undergoing left ventricular assist
device placement or heart transplantation in the parent study. Furthermore, cardiac tissue is collected in
collaboration with the Duke Human Heart Repository (IRB PRO#00005621) and data will be used to test
the causal relationship between RV myocardial fatty infiltration and plasma elevation of LC FA
acylcarnitines in patients refractory to iPVD who develop acute RHF. This tissue and plasmais already
beingcollected. Inpatientsreceivingahearttransplant, one RVtissue core sample will be obtained
during routine, standard-of-care, post-operative endomyocardial biopsy. Core samples are the size of
2mm pellets.

Selection of Subjects
Subject Groups

Inhaled PVDtherapyisadministeredtoeverypatientundergoingthoracictransplantationand LVAD
implantation atourinstitution and each patientis eligible for enrollment. Over a 3-year period (1 year
for follow-up) we will prospectively enroll 200 lung transplant subjects and 224 heart transplant or LVAD
implantation patients who will be informed and consented prior to their scheduled procedure. Potential
subjects willbe under the care of 1 or more investigators in this study. Consented subjects will be
randomly assignedto 1 of 2 groups, iNOvsIiEPO, to beinitiated inthe OR onthe day of the operation
basedonacceptedstandard of practice and study protocol. Medicationadministration willbe double-
blinded, suchthatneitherthe surgicalnoranesthesiology teamswill be notified oftheinhaled agentto
whichthe patienthasbeenrandomized. Abilitytounblind the delivery systemwillbe made available to
bothteamsifrequiredto preserve optimal patientcare. Asperourstandard practice, respiratory care
serviceswillmanage theinitiation and maintenance ofinhaled PVDsinthe ORand ICU, and these
personnel will be the only practitioners notified of the actual delivered medication during study blinding.

Exclusion Criteria
Combined Organ Transplantation (e.g., Heart-Lung, Heart-Liver, Heart-Kidney, Lung-Liver, etc.)
Age<18yearsold

Pregnancy (females of child bearing potential will receive pregnancy testing prior to cardiothoracic
surgery asastandard of care)

Known allergy to prostaglandin (rare)
Refusal of blood products due to personal or religious preference.

Subijectis enrolled in another study protocol, which does not allow randomization of PVD therapy

Page 50



1904

1905

1906
1907
1908

1909
1910

1911
1912

1913
1914

1915

1916
1917
1918

1919
1920
1921
1922

1923
1924

1925
1926

1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941

INSPIRE-FLO Research Summary (copied fromIRIS) Version 1.4

Hearttransplantor durable LVAD recipients with adult congenital heartdisease (CHD)

Caveat: Does NOT meet exclusion criteria if the scheduled heart transplant or LVAD implantation is
duetoheartfailurefromaprevioushearttransplantationrelatedto CHD, performed morethan90days
previoustothe date oftrial enrollment

Patient is scheduled to undergo lung transplantation but has undergone heart transplantation in
the previous 90 days

Patientis scheduled to undergo durable LVAD implantation but has undergone heart
transplantation in the previous 90 days

Patient is scheduled to undergo heart transplantation but has undergone lung transplantation in
the previous 90 days

Patients with preoperative VV ECMO as a bridge to lung transplantation

Stopping Criteria—Inthe eventthe following criteriaare metandthe clinicalteamisinagreement,
subjects will be weaned off of their iPVD per instutional standard iPVD weaning practice. If adverse
events are encountered, the drug will be immediately stopped without weaning.

Venoarterial (VA) ECMO insertion remains atend of operation

VAECMOinsertionis performed postoperativelyinthe ICU

LVEF < 30% on echocardiogram at the end of the operation for heart and lung transplant subjects
LVEF < 30% for heart and lung transplant subjects on echocardiogram noted postoperative in the ICU

Inhaled pulmonary vasodilation is halted for reasons other than standard weaning ordered by the
clinical careteam

Adverse events related to the INO or EPO that affect the subject’s welfare
Data Collection

Secondarymeasureswillbe hemodynamicvariables (similartothose measuredin Table 2) suchas
transesophageal echocardiographic (TEE) evaluation of RV function based on stand-of-practice protocol,
intravenous administration of inotropes, serial measures of postoperative serum creatinine and GFR,
resolution of elevated liver function tests (heart failure patients, illustrates improvement in RV function),
incidence ofthrombocytopenia (platelet count<150x 109/L) and trajectory of resolution, aswell as
ventilation-to-perfusion matching (arterial oxygen tension, PaO2; arterial carbon dioxide tension,
PaCO2;andfractionofinspired oxygen, FiO2). Variableswillbe recorded atdesignatedtime points
during the entire duration of administration — from initiation in the operating roomto cessation in the
ICU. Thesetime pointsinclude: Intraoperative before surgicalincision, time=0 (initiation of PVD), 30
minutes, 2hours, 6 hours, 12 hours, 18 hours, 24 hours, and every 6 hours up through 72 hours after
initiation. These secondary measures will be obtained up through 72 hours after initiation regardless of
cessationorcontinuationoftheinhaled PVD. After 72 hours, increments ofevery 12 hoursthereafter
will be assessed if PVD administration continues. Ventilation and perfusion nuclear scans will be
obtained and recorded per standard clinical practice for each group of lung transplant recipients.
Established protocols with criteria for initiation of medication weaning have been created according to
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each medication based onindividual pharmacokinetic properties. Once established criteria are met,
weaning of each inhaled PVD will begin and continue until the medication is terminated according to
standardized weaning protocols established for lung transplant patients and heart transplant/LVAD
patients.

Subjectfollowup. Subjectwillbe contacted byphone byamemberoftheresearchteamandbeaskeda
short series of questions to assess their current medical condition and any changes since surgery at 30-
days (x3days), 90-days (x5days),and 1-year (x 7 days) after surgery completion date. The phone
follow-up should take approximately 5 minutes of the subject’s time. If subjects have been admitted to a
hospital outside of Duke Health after surgery they willbe asked to sign anauthorization of release to
provide us permission to obtain medical information related to their hospitalization.

Blood Sampling

Blood samples will be drawn for analysis as a part of this study. One 9 ml sample of blood will be
obtainedfromeach patient priortothe initiation of PVD therapy and stored at4°C priorto processing.
Thissamplewillbe storedfor Genomic DNA analysis atthe completion ofthisstudyinordertoassess
patients who are responders to inhaled pulmonary vasodilaton through upregulation and down
regulation of notable vasoactive substances (e.g. endothelin, thromboxane, nitric oxide, prostaglandin,
etc.). In addition, each subject will also be asked to sign the Genomic and Proteomic Database
Repository (IRB Pro00015651) consent form, thus allowing the banking of their plasma and DNA samples
as well as datato be used for future research. Participation in IRB Pro00015651 is voluntary and optional
toallsubjects consentedinthis parentstudy. Blood samples (7 mleach) willbe drawn at 3 separate
time points: 1) directly afterinsertion oftheinvasive blood pressure monitoring (arterial) line,2) POD 1
(8to 24 hours after completion of surgery), and 3) POD 7 (6 days from POD 1). Ineach 7ml blood
sample, 3.5mlwillbe collectedin Sodium Citrate tubesfor coagulationanalysisand another3.5mlwill
be collectedin EDTAtubesformetabolomicand proteomic analysis. Plasmawill be separated from
these samples and banked at -80°C for analyses of proteomic and metabolomic signatures. Up to 30ml
ofbloodwillbe collected during the 12 month study participation period.

Sub-Study

This sub-study only pertains to LVAD and heart transplant patients who meet inclusion criteria and have
consented to participate in the parent study. For heart transplant patients, the POD 7 sample collection
will occur on the day of the biopsy procedure regardless of post operative day.

Subject Recruitment and Compensation

Describe recruitment procedures, including who will introduce the study to potential subjects. Describe
how you will ensure that subject selection is equitable and all relevant demographic groups have access
tostudyparticipation (per45CFR46.111(a)(3)). Includeinformationaboutapproximately howmany
DUHS subjects will be recruited. If subjects are to be compensated, provide specific prorated amounts to
be provided for expenses such as travel and/or lost wages, and/or for inducement to participate.

Subjectswillbe recruited either during the outpatient orinpatientevaluation phase, or contacted by
phone. Recruitment may also occur on the day of the operation given the complexities of the transplant
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process, which may provide obstacles to earlier enrollment. After obtaining permission from the
operating surgeon, surgical subjects will be screened by the study coordinator by reviewing the
transplant pre-list. Prior to asking any patient for consent to participate, the patient or Legally
Authorized Representative (LAR) willbeapproachedfirstbythe surgeon orone ofthe membersofthe
surgical careteamtodetermineifthe patientor LAR iswilling to consider enrollmentinthe study. Ifso,
the subjector LAR will either be seen during aninpatient or outpatientvisit, or be contacted by phone
and informed about the study by amember of the researchteam. Ifthe individual or LAR iswilling to
consider enrollment and does not meet exclusion criteria, then the research coordinator will present the
research protocol in its entirety. During this time, the study coordinator will answer any and all
guestionsastheyarise. Ifthe subjectorLAR agreesto participate, the coordinatorwillaskthethemto
signand date the appropriate consentform. Acopy ofthis consentformwillbe giventothe subjectand
acopy ofthe consentformwill be added to the subject’s medical record. The subjector LAR willbe
giventhe optionto sign aseparate consent formto allow us to store portions of the collected blood
specimens and any data collected under this research study and maintain these samples and datain a
database/repository (PRO00015651)forpossibleuseinfutureresearch studiesrelatingtosurgical
outcomes. In the event a LAR provides consent at the time of enroliment, the subject will be
approached once they regain the ability to provide an informed consent.

Recruitmentwill not routinely occur on the day of the operation and most patients will be enrolled at
least12hoursinadvanceandprovidedatleasttheallowabletimetoreviewthe study consentformand
discusstheir options with the Pl and study personnel. There will be no direct compensationto the
patientforrecruitment.

IfasubjectisenrolledandrandomizedinthisstudyfortheirLVADimplantation procedure andislater
planned to receive a heart transplant, that previously enrolled subject is eligible to be re-enrolled. The
following caveats apply to this subpopulation of LVAD patients:

A)Durable LVAD implantation may occur as a bridge to heart transplantation.

B)If LVAD implantation is followed by heart transplantation WITHIN 1 year following LVAD implantation,
thendatacollected upthroughthetime ofhearttransplantationwillbe recorded and valid as a patient
inthe LVAD group.

C)Data collected on or after the date of LVAD explantation/heart transplantation for such a patient will
be considered as part of the heart transplant group.

D)If LVAD implantation is followed by heart transplantation AFTER 1 year following LVAD implantation,
thenthe lyearfollow-up periodis complete andthe patientmay re-enterthetrialas ahearttransplant
patient.

Ifasubjectisenrolledandrandomizedinthisstudyfortheirdurable LVADimplantationprocedureand
is scheduledtoreceive anew durable LVAD viaan LVAD exchange operation, the subjectis eligible to be
re-enrolled.

Sub-Study
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Onlysubjectsconsentedinthe parentstudywillbe askedto participate inthe substudyandtheywill
have optin/outability.

Consent Process
Subject’s Capacity to Give Legally Effective Consent

Ifsubjectswhodonothavethe capacitytogive legally effective consentareincluded, describe how
diminished capacity willbe assessed. Will a periodic reassessment occur? If so, when? Will the subject
be consented ifthe decisional capacity improves?

Explicit (written) consent will be obtained from the patient or the patient’s legal decision maker.

Study Interventions

Using a 50% randomization process utilized and established by the CRU, each eligible patient willbe
randomizedtoreceive eitheriNOoriEPO, tobeinitiatedinthe ORbased onaccepted standard of
practice at Duke University Hospital, during the clinical care of these patients.

Risk/Benefit Assessment

Include a thorough description of how risks and discomforts will be minimized (per 45 CFR 46.111(a) (1
and 2)). Consider physical, psychological, legal, economic and social risks as applicable. If vulnerable
populations are to be included (such as children, pregnant women, prisoners or cognitively impaired
adults),whatspecial precautionswillbe usedtominimizeriskstothese subjects? Alsoidentifywhat
available alternativesthe personhasifhe/she chooses notto participateinthe study. Describe the
possible benefitstothe subject. Whatistheimportance ofthe knowledge expectedtoresultfromthe
research?

Thereisnodirect benefit of this study to the enrolled subjects. Data gathered from this study may
benefit future patients. Up to 30 ml of blood will be drawn during the 12 month study participation
period. Blood sampling willbe obtained, inthe majority of subjects, fromindwelling arterial or central
venouslinesinsertedatthe beginningoftheintraoperative period aspartofstandardpracticeforthese
operationsandtherewillbe noadditionalrisktothe patientforobtainingsuchvascularaccess.Onrare
occasion, blood sampling may be obtained from additional venipuncture sites during the postoperative
period. Risks of blood sampling if obtained through venipuncture are pain, swelling, possible infection at
the site of venipuncture. While theserisks are minimal, the additional blood volumeis highly unlikely to
contribute tothe patient's need for blood transfusion. To minimize any potential risk to the patientfrom
genetic data, investigators and patients will be blinded to the individual patient's genotype. This
information will notbeincluded inthe patient chart, will remain absolutely confidential, and willnotbe
giventothe patient or their family. DNA samples will be identified only by a coded number whose
relationtothe patient’'sname and otheridentifiersisavailable onlytothe datamanager. The identity of
the patient will remain anonymous in any publications which may result from this investigation.

Therewillbenoadditionalriskstothe subjectsasaresultofthisstudy. PriortoJune of2015,iNOwas
the sole optionforinhaled pulmonaryvasodilationinthis patientpopulationandtherefore utilizedin
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each operation for this indication. As of June 2015, iEPO was introduced for the same indications asiNO
inorderto serve asacost-conscious alternative toiNO and to potentially explore adifferent, equally
impactful pathway for clinically evident pulmonary vasodilation (as measured by Swan-Ganz catheter
data and determined by transesophageal echocardiography). There are no additional risks to the patient
aside fromtherare adverse effects such as allergic reaction, as previously discussed. The mostcommon
side effect of INO is hypotension. The side effects common to intravenous iEPO are nausea, vomiting,
hypotension, flushing, chest pain, anxiety, dizziness, bradycardia, difficulty breathing, abdominal pain,
musculoskeletal pain and tachycardia

Costs to the Subject
There will be no additional costs to the subjects as a result of this study
Data Analysis & Statistical Considerations

Summary statistics willbe computed fordemographic, clinical, and outcome variablesinthe form of
frequencies (percentage) for categorical variables and mean (standard deviation) for continuous
variables for each arm. Univariate analysis will be performed to compare the difference of each variable
betweentreatmentgroupsbychi-squareorFisherexacttestsforcategoricalvariables,andt-testsor
Wilcoxon Rank-Sum tests for continuous variables depending on data normality. The univariate results
forthe outcome variables will provide information oniNO treatment effectin comparison toiEPO
without taking into account other potential confounding factors. All non-outcome variables meeting p<
0.15associationwithtreatmentgroup willbe consideredforvariable selectionto buildamultivariable
regression model. For each outcome of interest, we will start with a regression model (logistic
regression for binary outcomes or generalized linear model for continuous outcomes) with all variables
selected fromunivariate analysis described above. Based on stepwise variable selection, we will
determine the final set of covariates to be included in the final multivariable model to test the
treatmentgroup effect. Based onthe analysisresults, wewillbe abletounderstandifiNOis equivalent
to iIEPO (no significant difference) or significantly better or worse than iEPO (significant treatment effect)
toaddresstheefficacy ofiNOfor Aim 1. Several of secondary measureswillbe obtained overtime. We
will apply generalized mixed modelto take into accountthe repeated measures overtimeto testfor
treatmenteffect. Inthe case of patients have switched to the otherarm due to clinical decision, we will
conduct the primary analysis based on the intent to treat (ITT) without reclassifying treatment
assignment. Inaddition, protocol analysis, where only patients follow the protocol assignmentare
includedwillalso be conductedto verify ITT results. For Aim 2to compare cost capture analysis, the
comparison of cost measures between two groups will be tested by two sample t-test.

Based onrecent annual operations, approximately 120 LVAD implantations, 60 heart transplantations,
and 110 Lung transplantations were performed at Duke University Hospital during FY 2014 —2015. This
study has beenindividually poweredto primary endpoints foreach arm (Table 1) and the duration of
study enrollment has been determined according to annual operations and sample-size calculations. We
estimated sample size based on equivalence test of the incidence rates of a binary outcome (e.g. PGD
grade 3 (PGD-3)) of two treatment groups as an illustration. Assuming the incidence rate of PGD-3 under
iIEPOtreatmentis0.35 andacceptable marginofthe equivalenceis+0.19, wewillneed 224 patientsto
have 80% powertodetectanactualdifference at0.05betweentwotreatmentgroup underthismargin.
This implies that the acceptable range of incidence rate for iNO treatment is from 0.21 to 0.59. Based on
this estimate, we propose to enroll 200 lung transplant patients and 224 LVAD and heart transplant
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patients (n=424)over aperiod of 24 to 36 months; the exacttime pointfortrial culmination between
24 and 36 months willbe dependenton enrollmentrate. There willbe a50% randomization rate for
eachinhaled agent such that 212 patients will receive iEPO and 212 patients will receive iNO.

Data & Safety Monitoring

Theproposalisnotintroducinganewmedicationthathasnotbeenutilizedbyourgroupand safetyhas
been established for this patient population through clinical practice and medication usage. Safety will,
however, be determined by assessing reported, rare, adverse effects of INO (systemic hypotension,
methemoglobinemia, andrebound pulmonary hypertension afterappropriate weaning) andiEPO
(systemichypotension, non-surgicalbleedingrelatedtothrombocytopenia, flushing,andrebound
pulmonary hypertension after appropriate weaning) in order to accurately monitor adverse events (AE)
duringthis study. The Plwillreviewand sign offon AE’s asthey occurand performaquarterly review
anddetermineif AE’sarerelatedtothe study orotherwise. AE’swillbereportedtothe IRBperHRPP
policies.

Stopping Rule: Subjects who meet the stopping criteria in section 4 continued to be enrolled and
followed for primary outcome analysis.

Describe Role of External Personnel:

Alldata collected inthe case reportforms (CRF) will be collected by review of the subjects routine
medical record documentation or during the intraoperative portion of the study. All subjects will be
given a study ID in an order to maintain their identity and subject’s identity will be protected and
confidentially maintained. Barcodeswill be affixed to each study sample collected accordingtothe
protocol. For future review, the study number and barcode will be the only identifying information
associatedwiththe subject. Allpaperdatawillbe storedinalocked cabinetintheresearchteamsoffice
asoutlinedintheresearch datasecurity plan. Any computerized data will be stored withinthe Duke
University Medical Center’s Database, which is password protected, and located behind Duke
Computingfirewalls. Onlythe Plandthe statisticians willhave accesstothe data obtainedfromthese
cases.
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