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Introduction 
 

CardioMEMS is presenting additional information to the Advisory Panel. This additional information is an 

ad hoc presentation of existing information reflected within the PMA submission.  

 
Background 
 
FDA has raised a potential issue relating to the involvement by CardioMEMS clinical nurses and the 

national Principal Investigators (PIs) in providing recommendations to investigational sites regarding the 

management of pulmonary artery pressures for individual enrolled subjects. They have suggested that 

this involvement by the sponsor and PIs may have had a bearing on the results of the study and their 

interpretation. However, the FDA has not provided to date any evidence from the study to support a 

finding that either inappropriate contact was made with study site personnel or that legitimate contact 

with study site personnel, as outlined in the protocol, resulted in bias being introduced into the study 

results obtained.  

 

Both we and the FDA are in agreement that the approved protocol allowed CardioMEMS the capability 

to review pulmonary artery (PA) pressure readings for the Treatment group and to alert investigators if 

the pressure readings were elevated. By protocol design the alerts could include both automated and 

manual email notices. In addition, the approved protocol did not permit CardioMEMS to review 

pulmonary artery (PA) pressure readings for the Control group or to provide email alerts to investigators 

if pressure readings were elevated for Control patients. Further, as prespecified by the protocol, both 

study physicians and CardioMEMS were, in fact, blinded to pressure measurements from the Control 

group.   
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As prespecified within the clinical protocol, when the PA pressures were outside of values that were 

setup in advance for individual patients and modifiable by investigators, each investigator was required 

to consider medication changes per the hemodynamic monitoring treatment guidelines in the protocol.  

Follow-up email contact after pressure alerts, with investigators by CardioMEMS clinical staff, enforced 

compliance with protocol requirements and ensured that investigators considered all treatment options 

to lower PA pressures, including the treatment guidelines prespecified in the clinical protocol.   The FDA 

is concerned that similar emails were not sent regarding Control group subjects but as is evident from 

the study design, emails directed towards reducing PA pressure could not have been sent regarding the 

Control group subjects.  These PA pressure reduction recommendations could have been made for 

Control patients only if the pressures for Control patients were monitored during the trial. 

There is also agreement that investigators (or designees) ultimately made all treatment decisions and 

were responsible for managing enrolled subjects.   The role of CardioMEMS clinical nurses and national 

PI’s was to provide training, education, and recommendations in accordance with Appendix E, 

Management of Hemodynamic Parameters (Attachment A).  As is appropriate, final responsibility 

resided with study physicians to make treatment decisions at all levels, including medication changes.   

Supplementary Analysis of Sponsor Support 

Standard of Care 

The sponsor, steering committee and PIs took a number of steps to ensure that a uniform, high-level 

standard of care (clinical decision making on the basis of symptoms, weights or physical examination or 

other commercially available tests) was provided to all patients in the study.  This effort began with the 

inclusion criteria for the Study requiring optimal pharmacologic therapy (OPT) for patients with systolic 

heart failure in keeping with the ACC / AHA Guidelines.  During the Study, it included the following 

activities: 

 Investigator regional meetings (7 meetings), 

 Local investigator and PI conference calls and  coordinator calls (56 calls) 

 Newsletters provided to each site (47 issues)(see sample newsletter in Attachment B) 

 Extensive educational materials regarding heart failure and its management were provided    

through a variety of formats including slide presentations, references and conference calls ( a 

sample presentation is provided in Attachment C) 

 A comprehensive training program for all investigators and sites 

 Summary of heart failure medications and interactions in every patient binder (Attachment D).   

These steps, along with the diligence of the investigational sites, ensured a uniform delivery of standard 

of care (Table 1) including medication changes, outpt IV diuretics, dietary counseling, sleep apnea 

treatment and discontinuation of harmful medications.  
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Table 1: Analysis of Standard of Care 

 
Treatment 

(270) 
Control 
(280) 

HF Medication Changes 

# Medication Changes 1064 1061 

Outpatient IV Diuretics 

# Subjects (%) 23 (8.5%) 26 (9.3%) 

Reference: 
ACC/AHA Guidelines 2005 
 
The use of intravenous diuretics for the treatment of chronic HF is fully described.  In addition, the 
guidelines suggest the benefit of outpatient care in preventing HF admissions. 
 
pg. e208 – “Many HF admissions may be prevented with good outpatient care.” 

Dietary Counseling 

# Subjects (%) 27 (10.0%) 23 (8.2%) 

Reference: 
ACC/AHA Guidelines 2005 
 
Dietary counseling is recommended to prevent clinical deterioration of patients with HF. 
 
pg. e175 – “Of the general measures that should be used in patients with HF, possibly the most 
effective yet least utilized is close attention and follow-up. Nonadherence with diet and medications 
can rapidly and profoundly affect the clinical status of patients, and increases in body weight and 
minor changes in symptoms commonly precede by several days the occurrence of major clinical 
episodes that require emergency care or hospitalization. Patient education and close supervision, 
which includes surveillance by the patient and his or her family, can reduce the likelihood of 
nonadherence and lead to the detection of changes in body weight or clinical status early enough to 
allow the patient or a healthcare provider an opportunity to institute treatments that can prevent 
clinical deterioration.” 

Sleep Apnea Treatment 

# Subjects (%) 35 (13.0%) 44 (15.7%) 

Reference: 
ACC/AHA Guidelines 2005 
 
Screening for sleep apnea is a Class IIa recommendation. 
 
pg. e162 – "Screening for hemochromatosis, sleep-disturbed breathing, or human 
immunodeficiency virus is reasonable in selected patients who present with HF.  (Level of Evidence: 
C)" 

Pulmonary Vasodilators e.g. Sildenafil 

# Subjects (%) 6 (2.2%) 6 (2.1%) 
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Reference: 
ACC/AHA Guidelines 2005 
 
Evidence supporting the use of sildenafil for the treatment of HF patients is described. 
 
pg. e200 – "Recent studies suggest that sildenafil may produce hemodynamic benefits in patients 
with coronary artery disease and may act to improve some of the peripheral vascular abnormalities 
that characterize patients with HF." 

Discontinuation of Contraindicated Medications (NSAIDs & TZDs) 

# Subjects (%) 8 (3.0%) 6 (2.1%) 

Reference: 
ACC/AHA Guidelines 2005 
 
Discontinuation of contraindicated medications is a Class I recommendation. 
 
pg. e173 – "Drugs known to adversely affect the clinical status of patients with current or prior 
symptoms of HF and reduced LVEF should be avoided or withdrawn whenever possible (e.g., 
nonsteroidal anti-inflammatory drugs, most antiarrhythmic drugs, and most calcium channel 
blocking drugs. (Level of Evidence: B)" 
 
Evidence suggesting the negative of effects of thiazolidinediones in NYHA Class III patients is 
described. 
 
pg. e202 – “Thiazolidinediones have been associated with increased peripheral edema and 
symptomatic HF in patients with underlying risk factors or known cardiovascular disease. The risk of 
developing edema with thiazolidinediones is dose related and is higher in diabetic patients who are 
taking concomitant insulin therapy… Initiation of these drugs is not recommended in patients with 
NYHA functional class III to IV symptoms of HF.” 

 
 

The high level of standard of care resulted in excellent overall outcomes for all patients in the 

CHAMPION Study, including for the Control group.  The Control group experienced a very low 6-month 

HF hospitalization rate of 0.44; in relating the CHAMPION results to a similar study, the NYHA Class III 

group in the COMPASS trial experienced HF hospitalization rates of 0.70 in the Control arm and 0.45 in 

the Treatment arm.  In this comparison, the CHAMPION Control group results were superior to those 

achieved in the COMPASS Treatment group, attesting to the efforts taken in the study to deliver a 

consistent high-level of care to all study subjects. 

 

Pulmonary Artery Pressure Based Heart Failure Management 

The CHAMPION Trial, as approved by the FDA, was designed by the steering committee, principal 

investigators, and sponsor to rigorously test the hypothesis “that heart failure management using 

pulmonary artery pressures reduces the rate of heart failure hospitalizations. “ (Appendix E, p 1).  The 

key to adequate testing of this hypothesis is that pressures should be used for the basis of clinical 
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decision making in addition to symptoms, weights or physical examination (traditional markers of 

volume). The protocol also explicitly states:  

“The CHAMPION trial will differ from previous hemodynamic monitoring studies in that specific 

recommendations will be made to utilize pressures in heart failure management including use of 

diuretics and vasodilators.” (Appendix E, p 1, italics added).   

These plans were based on the realization from previous studies of hemodynamic monitoring that 

information of the type provided by the CardioMEMS sensor has clinical value only if acted upon. 

As indicated above, the protocol clearly states that specific recommendations will be made regarding 

pressure management.  These treatment recommendations are now of concern to the FDA because 

they were not made for Control patients but since they were in response to elevated pulmonary 

pressures for specific Treatment patients, the same recommendations could not have been made for 

Control patients. These treatment recommendations could have been made to Control patients only if 

the pressures for Control patients were monitored during the trial. 

Appendix E was carefully developed by the PIs and steering committee with extensive input from the 

FDA to provide explicit guidelines for treatment on the basis of pulmonary artery pressure.  In 

accordance with the clinical protocol and to assure compliance with the protocol treatment guidelines, 

CardioMEMS nurses would send email alerts inquiring about patients with elevated pressures and the 

steps the site was taking to manage the pressures.  These emails were triggered by persistently elevated 

pressures, not clinical information, and directed solely towards reducing pulmonary artery pressures; 

clinical status information was not available to the CardioMEMS nurses and thus there was no 

knowledge of clinical decompensation, impending hospitalizations or the ability to prevent them.  

In some cases, specific recommendations were provided for consideration as outlined in Appendix E.  

These recommendations always adhered to the contents of Appendix E and the ACC / AHA Guidelines 

for the Management of Chronic Heart Failure referenced in Appendix E: 

“In addition to these specific guidelines, the investigator should also incorporate the recommendations 

set forth in the 2009 Focused Update Incorporated Into the ACC/AHA 2005 Guideline Update for the 

Diagnosis and Management of Chronic Heart Failure in the Adult.” (Appendix E, p 2)   

 Typically, they emails were designed to remind sites to follow the guidelines in Appendix E and to follow 

the escalation process outlined in the guidelines.  For example, there were reminders to progress to 

nitrates as indicated on p. 1 of Appendix E:   

“If diuresis causes the above mentioned clinical events and the pulmonary pressures stay higher than 

the reference range, the suggestion is to attempt to reduce the pulmonary pressures with vasodilator 

therapy, primarily using long-acting nitroglycerin therapy as needed.”   

Or to consider outpatient IV diuretics as indicated in the escalation algorithm for refractory elevated 

pressures described below:  
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“Add or increase diuretic (and appropriate electrolyte replacement) 

  a. Increase or add loop diuretic 

  b. Change to another loop diuretic 

  c. Add thiazide diuretic (with caution) 

  d. IV doses of loop diuretic  

  e. Serum electrolyte evaluation with change in baseline medication 

  f. Re-assess pulmonary artery pressure utilizing the HF Pressure Measurement System at least 2 – 

3 days per week until optivolemic” (Appendix E, p. 3, italics added) 

In patient’s refractory to treatment, investigators were reminded to investigate other causes such as 

sleep apnea or secondary pulmonary hypertension, as described in the protocol: “If the pressures are 

outside the reference range after vasodilator therapy and maximally tolerated diuretics, then other 

etiologies should be investigated.”(Appendix E, p. 1) (ACC / AHA Guidelines for Management of Chronic 

Heart Failure, 2005, pg. e162, e200).   These recommendations were consistent with good clinical 

practice and ACC / AHA guidelines.  

Throughout, investigators were reminded to follow good medical practice and to consider a patient’s 

previous responses when making medication changes “Diuretics and vasodilators should be adjusted 

based on the subject’s baseline diuretic requirement, knowledge of the subject’s prior response to these 

agents, and clinician judgment to accomplish the pressure goals set forth in this guideline” (Appendix E, 

p. 1, italics added). 

Lastly, in each category of patient management, opti-volemic, hyper-volemic, or hypo-volemic, the 

investigator was always reminded to consider hospital admission:  

“a. Consider admission if clinical evidence suggests need for IV diuretics, telemetry monitoring          

or the use of IV therapeutic agents 

b. Consider invasive hemodynamic monitoring for determination of Cardiac Output, if indicated” 

(Appendix E, p. 3) 

Thus, Appendix E was developed to definitively test the hypothesis of PA pressure based HF 

management while assuring patient safety.  The follow-up to sites from the CardioMEMS nurses was 

designed to assure that Appendix E was followed. 

Supplemental Analyses 

As part of the routine conduct of a clinical trial, a large amount of correspondence between sites and 

sponsor is generated and not provided as part of the PMA submission (CRFs, SAEs, patient visit 

reminders, etc).  The FDA developed a recent interest in the follow-up email alert correspondence to the 

sites and all of these emails have been provided to the FDA. Please find attached the email examples 
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provided by the FDA in its Addendum and conformation that all of the recommendations in these emails 

are based upon Appendix E and the ACC / AHA Guidelines for the Diagnosis and Management of Chronic 

Heart Failure in the Adult. (Attachment E) 

In order to consider the effect of any email alerts on medication changes and study outcomes, ad hoc 

supplemental analyses were performed. The first analysis evaluated how physicians managed 

medication changes when email alerts were provided from CardioMEMS.  These alerts took the form of 

either inquiries (requests for updates on patients) to the sites or as recommendations to follow the 

treatment escalation outlined in Appendix E of the protocol.  Given the number of patients and the 

study duration, the number of alerts was quite small.  There were 391 follow up alerts in the first 6 

months or 0.25 emails / patient month. In addition, there were 360 follow-up alerts in the period after 6 

months to unblinding at the study conclusion, or 0.14 emails / patient month.   After unblinding, 

patients were followed for safety and no follow up email alerts directed towards protocol treatment 

strategies compliance were sent. 

During the first 6 months, physicians acted on the email alert inquiries from CardioMEMS by changing 

medications 4.4% of the time.  Also, physicians considered and followed the recommendations offered 

within email alerts 5.5% of the time.  After 6 months and up to unblinding, physicians acted on the email 

alert inquiries from CardioMEMS 3.2% of the time and followed the recommendations offered within 

email alerts 3.5% of the time.  Thus, physicians exercised clinical judgment that may have considered, 

but differed from email recommendations on > 90% of all occasions before and after 6 months.  While 

the alerts served as reminders to modify PA pressures, other important factors such as signs and 

symptoms were considered by physicians as part of the treatment strategy.   The data indicate that 

physicians were effectively independent in their use of the protocol recommended treatment guidelines 

and needed little support beyond their own review and assessment of PA pressures provided to them.  

The only effect from the email alerts was to serve as supportive reminders about pressure monitoring 

data and protocol guidelines, rather than directing physician treatment decisions. 

 

Table 2:  PA Pressure Medication Changes Secondary to Emails 

 

First 6 Months 
  
 

N= 270  
Treatment Patients 

6 Months 

After 6 Months to 
Unblinding 

 
N= 244 

 Treatment Patients 
9 Months 

After Unblinding 
 
 

N=383  
All Patients 
17 Months 

CardioMEMS Follow-up Emails 391 360 0 

Inquiry Emails 198 229 na 

Recommendation Emails 193 131 na 

Emails / patient  month 0.25 0.14 na 

7



PA pressure med changes/ patient month 0.88 0.28 0.23 

PA Pressure Med Changes/patient month 
 associated with CM Inquiry Email 

0.04 (4.4%) 0.01 (3.2%) na 

PA Pressure Med Changes/patient month 
 associated with CM Recommendation Email 

0.04 (5.5%) 0.02 (3.5%) na 

PA Pressure Med Changes/patient month 
 made independently by Investigator 

0.81 (90.0%) 0.25 (93.4%) 0.23 (100.0%) 

 

The second analysis evaluated the impact from email inquiry and recommendation alerts upon patient 

outcomes, regardless of whether it was acted upon by the site.  At 6 months, Treatment patients 

discussed in emails with the sites did slightly worse and after 6 months they did slightly better, 

suggesting no clear impact on outcomes of emails sent to the sites.  Interestingly, after unblinding the 

entire study cohort did very well, approaching the Treatment group results pre-unblinding due to a 

dramatic reduction in the Control group hospitalization rates.  Since no inquiry or recommendation 

email alerts were being sent during this time period, the sites clearly were able to provide ongoing 

hemodynamic management without additional reminders and were able to maintain good clinical 

results for patients. 

 

Table 3: Impact of Emails on Outcomes 

Treatment Pts.  
(HF Hosp. Rate) 

Up to 6 Months 
[6 Month HF Rate] 

After 6 Months to Unblinding 
[Annualized HF Rate] 

After Unblinding 
[Annualized HF Rate] 

Emails 
151 (0.36) 

No Emails 
119 (0.26) 

Emails 
133 (0.32) 

No Emails 
111 (0.40) 

No Emails 
383 (0.47) 

All Pts.  
(HF Hosp. Rate) 

Study Duration Patients [Annualized HF Rate] 
Former 

Treatment 
186 (0.46) 

Former 
Control 

197 (0.49) 
Treatment 
270 (0.46) 

Control 
280 (0.73) 

 

Post Market Support 

CardioMEMS will carry forward the successful elements from the CHAMPION Study to the commercial 

setting.  All of the training materials and programs conducted during the Study will be continued.  The 

automated and manual pressure alerts, including follow-up email alerts will be continued.  In addition, 

as presented in the training materials submitted with the PMA, additional programs such as educational 

symposia on hemodynamic monitoring, web based case libraries, interactive presentations, and web 

based and telephone support lines will be provided.  The approach of managing pressures in heart 

failure patients outlined in the appendix was adequately tested in this trial and can be considered a safe 

means to guide users in a post-market environment. 
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Summary 

CardioMEMS and the steering committee and PIs took a number of steps to assure excellence of 

standard of care (SOC) heart failure management for all patients, regardless of randomization group.  

The numbers of SOC or non-pressure interventions including medication changes were similar between 

the Treatment and Control groups.  The Control group outcomes matched the best of other studies, 

confirming rigorous heart failure management. The above findings do not support the contention of bias 

in the standard of care provided to the Treatment or Control groups. 

The protocol, specifically Appendix E, was developed by the steering committee, PIs, and sponsor in 

cooperation with the FDA to definitively test the hypothesis of PA pressure based HF management while 

assuring patient safety.  The follow-up emails to sites from the CardioMEMS nurses were designed to 

assure that Appendix E was followed and were completely consistent with the specific 

recommendations stated in Appendix E as well as ACC / AHA guidelines on heart failure management.   

CardioMEMS sought to achieve a high-level of compliance with its study protocol.  Lack of compliance 

would have diminished the scientific validity of the study and ability to clearly demonstrate the benefit 

observed.  The sponsor’s ongoing involvement in supporting study physicians did not go beyond the 

protocol and those guidelines.  

Email alerts had no discernible impact on the outcomes in the Treatment group.  The investigators acted 

independently of the email recommendations offered for their consideration and continued to get 

excellent outcomes, including a dramatic improvement in the previous Control patients, when the 

inquiry and recommendation emails stopped completely. 
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APPENDIX E:  MANAGEMENT OF HEMODYNAMIC PARAMETERS 

The hypothesis of the CHAMPION trial is that heart failure management using pulmonary artery 

pressures reduces the rate of heart failure hospitalizations.  The unique nature of the implanted 

device allows intermittent assessment of pulmonary artery systolic, diastolic and mean 

pulmonary artery pressures.  The key to adequate testing of this hypothesis is that pressures 

should be used for the basis of clinical decision making in addition to symptoms, weights or 

physical examination (traditional markers of volume). 

Guidelines for managing heart failure using pulmonary artery pressures 

The CHAMPION trial will differ from previous hemodynamic monitoring studies in that specific 

recommendations will be made to utilize pressures in heart failure management including use of 

diuretics and vasodilators. 

Pulmonary Artery Pressure Goals: 

PA Systolic   15 - 35 mmHg 

PA Diastolic    8 - 20 mmHg 

Mean PA pressure  10 - 25 mmHg 

An elevation of pressures beyond these reference ranges should be considered a volume 

overloaded status.  Diuretic therapy should be adjusted to reduce these pressures to within 

pressure goals unless the following occurs: 

1. Serum creatinine increases by 20%  

2. If systemic systolic blood pressure drops by 20 mmHg when changing from supine to a 

standing position 

3. Symptomatic systemic hypotension  

The above listed clinical events should be confirmed by three (3) evaluations in order to prevent 

withholding the appropriate treatment regimen.    

If diuresis causes the above mentioned clinical events and the pulmonary pressures stay higher 

than the reference range, the suggestion is to attempt to reduce the pulmonary pressures with 

vasodilator therapy, primarily using long-acting nitroglycerin therapy as needed.  If the pressures 

are outside the reference range after vasodilator therapy and maximally tolerated diuretics, then 

other etiologies should be investigated.  If the pressures remain high after the above steps are 

taken, then the reference ranges may be reset for the individual patient and the new values should 

be considered “optivolemic”.  Medication adjustments and patients’ responses must be 

documented prior to changing the goal ranges. 

Diuretics and vasodilators should be adjusted based on the subject’s baseline diuretic 

requirement, knowledge of the subject’s prior response to these agents, and clinician judgment to 

accomplish the pressure goals set forth in this guideline.  Consultation with the national PI’s is 

encouraged to optimize the success of medical management of PA pressures. 

A decrease in the pulmonary pressures below the established ranges should be considered a 

volume depletion event and diuretic therapy should be held and chronic dose should be lowered. 
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In addition to these specific guidelines, the investigator should also incorporate the 

recommendations set forth in the ACC/AHA 2005 Guideline Update for the Diagnosis and 

Management of Chronic Heart Failure in the Adult.   

 

 

Opti-volemic 

Opti-volemic Definitions 

 Subject symptoms:  minimal symptoms and minimal evidence of poor perfusion 

 Invasive Hemodynamic Monitoring: 

 Pulmonary artery systolic pressure 15 – 35 mmHg 

 Pulmonary artery diastolic pressure 8 – 20 mmHg 

 Pulmonary artery mean pressure 10 – 25 mmHg  

 HF Pressure Measurement System Parameters: 

The initial parameters will be set to the above values.  After all guidelines for managing HF 

using pulmonary artery pressures as described on the previous page have been implemented and 

documented, the Investigator may reset the values to an acceptable range for individual subjects 

and establish the range in mmHg in the secure website.  

Opti-volemic Treatment Recommendations 

 No medication changes based on hemodynamic data obtained from the HF Pressure 

Measurement System 

 Baseline chronic aggressive therapy (reduced LVEF) 

a. ACE inhibitor (ARB or other vasodilator if ACE not tolerated) to target dose  

b. Digoxin, diuretic and electrolyte replacement advised 

c. Consider spironolactone as indicated in subjects with stable renal function and 

potassium handling 

d. Nitrates to appropriate doses as tolerated  

e. Beta-blocker administration and/or uptitration according to guidelines when 

subject is not hypervolemic. 

If the subject has signs of poor perfusion (cold), consider other interventions, such as: 

a. Admission for monitoring and further adjustment of medical management  

b. Intravenous (IV) pharmacotherapy 

c. Increase vascular volume if still without evidence of congestion at rest 

d. Consider invasive hemodynamic monitoring for determination of Cardiac Output 

if indicated 
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Hyper-volemic 

Hyper-volemic Definitions 

 Subject symptoms:  Congestive symptoms (wet) 

 HF Pressure Measurement System Parameters:  above  the pre-determined opti-volemic 

range 

 Daily trends:  elevated trend data outside the pre-determined opti-volemic range 

 Weekly trends:  elevation in trend data 

Hyper-volemic Treatment Recommendations 

 Add or increase diuretic (and appropriate electrolyte replacement) 

a. Increase or add loop diuretic 

b. Change to another loop diuretic 

c. Add thiazide diuretic (with caution) 

d. IV doses of loop diuretic  

e. Serum electrolyte evaluation with change in baseline medication 

f. Re-assess pulmonary artery pressure utilizing the HF Pressure Measurement System 

at least 2 – 3 days per week until optivolemic 

 Add or increase nitrates 

 Start or re-educate in salt intake and fluid restriction 

 If subject has signs and symptoms of poor perfusion (cold) in addition to being hyper-

volemic: 

a. Consider admission if clinical evidence suggests need for IV diuretics, telemetry 

monitoring or the IV therapeutic agents 

b. Consider invasive hemodynamic monitoring for determination of Cardiac Output, if 

indicated 

Hypo-volemic 

Hypo-volemic Definitions 

 Subject symptoms:  poor perfusion in absence of signs and symptoms of 

congestion 

 HF Pressure Measurement System Parameters:  below the pre-determined opti-

volemic range 

 Daily trends:  decrease in trend data outside the pre-determined opti-volemic 

range 

 Weekly trends:  decrease in trend data 
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Hypo-volemic Treatment Recommendations 

 Lower or discontinue diuretic 

a. If on a thiazide diuretic with loop diuretic, lower or discontinue the dose of thiazide 

(and adjust electrolyte replacement) 

b. If on only loop diuretic, lower the dose or discontinue  

c. Consider liberalization of oral fluid restriction and salt restriction 

 If postural hypotension, hold or lower vasodilators and/or oral nitrates, especially if 

hypotensive when sitting or supine 

 If worsening renal function, hold or lower ACE/ARB dose, especially if hypotensive 

 If subject had signs and symptoms of poor perfusion (cold) in addition to being hypo-

volemic: 

a. Consider admission if clinical evidence suggests need for IV fluid repletion, 

telemetry monitoring or the use of IV therapeutic agents 

b. Consider invasive hemodynamic monitoring for determination of Cardiac Output, if 

indicated  

Recommended Frequency of HF Pressure Measurement System Review 

 

Subject Status Weekly At least  2– 3 times 

per week until 

optivolemic 

 At least 2 – 3 times 

per week until 

pressure stabilizes  

Opti-volemic  X   

Hyper-volemic  X  

Hypo-volemic  X  

Medication 

modifications 

  X 

Significant deviations 

in trend data 

  X 
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Attachment  E 
Sponsor Recommendations and Conformance to Appendix E and ACC/AHA Guidelines 
 
CardioMEMS Emails Appendix E and 2005 ACC/AHA Guidelines 
On 5-7-2008, a CardioMEMS nurse wrote 
recommendations that include “PAD > 20: 
Consider increasing the loop diuretic. If patient 
responding to current Lasix dose, increase to 40 
BID; if not currently responding to Lasix dose, 
increase to 80mg QD. IF no response consider 
adding PRN thiazide or switching to Demadex 
if bioavailability a concern.” 
 

Increase Diuretics, Change Diuretics-  
Appendix E- pg. 3: 
 
Hyper-volemic Treatment Recommendations  
• Add or increase diuretic (and appropriate 

electrolyte replacement)  

a. Increase or add loop diuretic  

b. Change to another loop diuretic  

c. Add thiazide diuretic (with caution)  

d. IV doses of loop diuretic  

e. Serum electrolyte evaluation with change in 
baseline medication  

f. Re-assess pulmonary artery pressure utilizing the 
HF Pressure Measurement System at least 2 – 3 days 
per week until optivolemic  
 

On 6-6-2008, a CardioMEMS nurse wrote 
recommendations that include “Titrate loop 
diuretic as needed for elevated PA pressures. 
Recent upward trend in PA pressures suggest a 
need for more diuretic. Screen for sleep apnea 
and refer for sleep study if positive. Patient at 
high risk due to large size. (Sleep Apnea 
Screening tool attached.) Confirm patient is not 
using NSAIDS. Encourage a STRICT 2gm 
sodium, 2000ml Fluid restricted diet. 
 

Increase Diuretics –  
Appendix E- pg. 3:  
 
Hyper-volemic Treatment Recommendations  
• Add or increase diuretic (and appropriate 

electrolyte replacement)  

a. Increase or add loop diuretic  

b. Change to another loop diuretic  

c. Add thiazide diuretic (with caution)  

d. IV doses of loop diuretic  

e. Serum electrolyte evaluation with change in 
baseline medication  

f. Re-assess pulmonary artery pressure utilizing the 
HF Pressure Measurement System at least 2 – 3 days 
per week until optivolemic  
 
Sleep Apnea-  
Appendix E-  pg. 1:  
 
 If the pressures are outside the reference range after 
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CardioMEMS Emails Appendix E and 2005 ACC/AHA Guidelines 
vasodilator therapy and maximally tolerated diuretics, 
then other etiologies should be investigated. 
 
Appendix E- pg. 2:  2005 ACC/AHA Guidelines  
 
In addition to these specific guidelines, the 
investigator should also incorporate the 
recommendations set forth in the ACC/AHA 2005 
Guideline Update for the Diagnosis and 
Management of Chronic Heart Failure in the Adult. 
 
2005 ACC/AHA Guidelines- pg. e162 - Sleep Apnea 
Screening: 
 
Screening for sleep apnea is a Class IIa 
recommendation. 
 
– "Screening for hemochromatosis, sleep-disturbed 
breathing, or human immunodeficiency virus is 
reasonable in selected patients who present with HF.  
(Level of Evidence: C)" 
 
Discontinuation of  NSAIDs –  
Appendix E-  pg. 1:  
 
“If the pressures are outside the reference range after 
vasodilator therapy and maximally tolerated diuretics, 
then other etiologies should be investigated.” 
 
Appendix E- pg. 2: ACC/AHA Guidelines: 
 
“In addition to these specific guidelines, the 
investigator should also incorporate the 
recommendations set forth in the ACC/AHA 2005 
Guideline Update for the Diagnosis and 
Management of Chronic Heart Failure in the 
Adult.” 
 
ACC/AHA Guidelines 2005-  pg. e173: 
 
“ Discontinuation of contraindicated medications is a 
Class I recommendation. 
 
"Drugs known to adversely affect the clinical status of 
patients with current or prior symptoms of HF and 
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reduced LVEF should be avoided or withdrawn 
whenever possible (e.g., nonsteroidal anti-
inflammatory drugs, most antiarrhythmic drugs, and 
most calcium channel blocking drugs. (Level of 
Evidence: B)" 
 
Dietary Counseling-  
Appendix E- pg. 3: 
 
“Hyper-volemic Treatment Recommendations  
• Add or increase diuretic (and appropriate 

electrolyte replacement)  

a. Increase or add loop diuretic  

b. Change to another loop diuretic  

c. Add thiazide diuretic (with caution)  

d. IV doses of loop diuretic  

e. Serum electrolyte evaluation with change in 
baseline medication  

f. Re-assess pulmonary artery pressure utilizing the 
HF Pressure Measurement System at least 2 – 3 days 
per week until optivolemic  

• Add or increase nitrates  

• Start or re-educate in salt intake and fluid 
restriction “ 

 
2005 ACC//AHA Guidelines- pg. e175: 
 
 “Of the general measures that should be used in 
patients with HF, possibly the most effective yet least 
utilized is close attention and follow-up. 
Nonadherence with diet and medications can rapidly 
and profoundly affect the clinical status of patients, 
and increases in body weight and minor changes in 
symptoms commonly precede by several days the 
occurrence of major clinical episodes that require 
emergency care or hospitalization. Patient education 
and close supervision, which includes surveillance by 
the patient and his or her family, can reduce the 
likelihood of nonadherence and lead to the detection 
of changes in body weight or clinical status early 
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enough to allow the patient or a healthcare provider 
an opportunity to institute treatments that can prevent 
clinical deterioration.” 
 

On 10-30-2008, a CardioMEMS nurse wrote 
recommendations that include “PCWP 14 
suggests increased volume- Consider increasing 
Lasix to 40mg BID or switching to Demadex if 
bioavailability a concern with Lasix. Consider 
using PRN Thiazide to facilitate diuresis. Up-
titrate Diovan to optimal dose as tolerated 
(160mg BID). Add Hydralazine and Nitrates to 
current regimen uptitrating as tolerated. 
Evaluate patient's current compliance with 
treatment of his Obstructive Sleep Apnea. 
Consider re-evaluation of patient's Sleep 
Breathing Disorder diagnosis (OSA vs Central 
Sleep Apnea) and options for treatment.” 
 

Increase Diuretics, Change Diuretics, Add 
Thiazide Diuretic- 
 Appendix E- pg. 3: 
 
“Hyper-volemic Treatment Recommendations  
• Add or increase diuretic (and appropriate 

electrolyte replacement)  

a. Increase or add loop diuretic  

b. Change to another loop diuretic  

c. Add thiazide diuretic (with caution)  

d. IV doses of loop diuretic  

e. Serum electrolyte evaluation with change in 
baseline medication  

f. Re-assess pulmonary artery pressure utilizing the 
HF Pressure Measurement System at least 2 – 3 days 
per week until optivolemic “ 
 
Increase or add Vasodilators-  
Appendix E- pg. 1 and pg. 2: 
 
“If diuresis causes the above mentioned clinical 
events and the pulmonary pressures stay higher than 
the reference range, the suggestion is to attempt to 
reduce the pulmonary pressures with vasodilator 
therapy, primarily using long-acting nitroglycerin 
therapy as needed.” 
 
“Hyper-volemic Treatment Recommendations  
• Add or increase diuretic (and appropriate 

electrolyte replacement)  

a. Increase or add loop diuretic  

b. Change to another loop diuretic  

c. Add thiazide diuretic (with caution)  

d. IV doses of loop diuretic  

e. Serum electrolyte evaluation with change in 
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baseline medication  

f. Re-assess pulmonary artery pressure utilizing the 
HF Pressure Measurement System at least 2 – 3 days 
per week until optivolemic  

• Add or increase nitrates  

• Start or re-educate in salt intake and fluid 
restriction”  

Sleep Apnea-  
Appendix E-  pg. 1:  
 
 “If the pressures are outside the reference range after 
vasodilator therapy and maximally tolerated diuretics, 
then other etiologies should be investigated.” 
 
Appendix E- Pg. 2:  2005 ACC/AHA Guidelines  
 
In addition to these specific guidelines, the 
investigator should also incorporate the 
recommendations set forth in the ACC/AHA 2005 
Guideline Update for the Diagnosis and 
Management of Chronic Heart Failure in the Adult. 
 
2005 ACC/AHA Guidelines- pg. e162 - Sleep Apnea 
Screening: 
 
“Screening for sleep apnea is a Class IIa 
recommendation.” 
 
"Screening for hemochromatosis, sleep-disturbed 
breathing, or human immunodeficiency virus is 
reasonable in selected patients who present with HF.  
(Level of Evidence: C)" 
 

On 12-12-2008, a CardioMEMS nurse wrote 
“What is your plan for management of [specific 
subject]? Implant hemodynamics (PA 68/41(52) 
PCWP 30 CO 1.5 PVR 14.67) suggested 
increased volume with a PCWP 30 in addition 
to PAH with a PVR 14.67. Addition of Ismo 
40mg QD on 10/2/08 appears to have helped 
with a decrease in PAM from 43 to 31. She is on 
maximum medical therapy (ARB, BB, Nitrate, 
Aldactone, Digoxin, Diuretic) at this point. 

Sildenafil-  
Appendix E-  pg. 1:  
 
 If the pressures are outside the reference range after 
vasodilator therapy and maximally tolerated diuretics, 
then other etiologies should be investigated. 
 
Appendix E- pg. 2: ACC/AHA Guidelines 
 
“In addition to these specific guidelines, the 
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Would you consider challenging her with 
Sildenafil in addition to adjusting her diuretic 
regimen by switching to Demadex or possibly 
using outpatient IV diuretics?” 
 

investigator should also incorporate the 
recommendations set forth in the ACC/AHA 2005 
Guideline Update for the Diagnosis and 
Management of Chronic Heart Failure in the 
Adult.” 
 
ACC/AHA Guidelines- pg. e200: 
 
Evidence supporting the use of sildenafil for the 
treatment of HF patients is described. 
 
"Recent studies suggest that sildenafil may produce 
hemodynamic benefits in patients with coronary 
artery disease and may act to improve some of the 
peripheral vascular abnormalities that characterize 
patients with HF." 
 
Change Diuretics or IV Diuretics- 
 Appendix E- pg. 3: 
 
Hyper-volemic Treatment Recommendations  
• Add or increase diuretic (and appropriate 

electrolyte replacement)  

a. Increase or add loop diuretic  

b. Change to another loop diuretic  

c. Add thiazide diuretic (with caution)  

d. IV doses of loop diuretic  

e. Serum electrolyte evaluation with change in 
baseline medication  

f. Re-assess pulmonary artery pressure utilizing the 
HF Pressure Measurement System at least 2 – 3 days 
per week until optivolemic  
 

On 12-26-2008, a CardioMEMS nurse wrote “I 
wanted to alert you that [specific subject]'s 
mean pressure went from 27 on 12/24 to 53 on 
12/26. Do you think this warrents her to take an 
extra dose of diuretics today? It is the holidays 
and we expect pressures to increase, but we still 
want to prevent her from going to the hospital.”  
 

Increase Diuretics- 
 Appendix E- pg. 3: 
 
Hyper-volemic Treatment Recommendations  
• Add or increase diuretic (and appropriate 

electrolyte replacement)  

a. Increase or add loop diuretic  
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b. Change to another loop diuretic  

c. Add thiazide diuretic (with caution)  

d. IV doses of loop diuretic  

e. Serum electrolyte evaluation with change in 
baseline medication  

f. Re-assess pulmonary artery pressure utilizing the 
HF Pressure Measurement System at least 2 – 3 days 
per week until optivolemic  
 

On 12-29-2008, a CardioMEMS nurse wrote “I 
wanted to alert you of an increasing trend in the 
mean of [specific subject]. Although his mean 
pressure trend remains relatively flat, his 
pressures have an upward trend. We are seeing 
several patients in the trial experience post-
holiday rise in pressures most likely due to 
dietary indiscretion and medication 
noncompliance. Do you think this patient would 
benefit from a few days of increase diuretic until 
his pressures return to baseline? I also noticed 
that this patient is on Metformin in the face of 
renal insufficiency (SCr 1.4) which may be 
contributing to difficulty in managing his 
volume status.” 

Increase Diuretics- 
 Appendix E- pg. 3: 
 
Hyper-volemic Treatment Recommendations  
• Add or increase diuretic (and appropriate 

electrolyte replacement)  

a. Increase or add loop diuretic  

b. Change to another loop diuretic  

c. Add thiazide diuretic (with caution)  

d. IV doses of loop diuretic  

e. Serum electrolyte evaluation with change in 
baseline medication  

f. Re-assess pulmonary artery pressure utilizing the 
HF Pressure Measurement System at least 2 – 3 days 
per week until optivolemic  
 
 
Dietary Counseling-  
Appendix E- pg. 3: 
 
“Hyper-volemic Treatment Recommendations  
• Add or increase diuretic (and appropriate 

electrolyte replacement)  

a. Increase or add loop diuretic  

b. Change to another loop diuretic  

c. Add thiazide diuretic (with caution)  

d. IV doses of loop diuretic  

e. Serum electrolyte evaluation with change in 
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baseline medication  

f. Re-assess pulmonary artery pressure utilizing the 
HF Pressure Measurement System at least 2 – 3 days 
per week until optivolemic  

• Add or increase nitrates  

• Start or re-educate in salt intake and fluid 
restriction “ 

 
2005 ACC//AHA Guidelines- pg. e175: 
 
 “Of the general measures that should be used in 
patients with HF, possibly the most effective yet least 
utilized is close attention and follow-up. 
Nonadherence with diet and medications can rapidly 
and profoundly affect the clinical status of patients, 
and increases in body weight and minor changes in 
symptoms commonly precede by several days the 
occurrence of major clinical episodes that require 
emergency care or hospitalization. Patient education 
and close supervision, which includes surveillance by 
the patient and his or her family, can reduce the 
likelihood of nonadherence and lead to the detection 
of changes in body weight or clinical status early 
enough to allow the patient or a healthcare provider 
an opportunity to institute treatments that can prevent 
clinical deterioration.” 
 
Discontinuation of TZDs –  
Appendix E-  pg. 1:   
 
“If the pressures are outside the reference range after 
vasodilator therapy and maximally tolerated diuretics, 
then other etiologies should be investigated.” 
 
Appendix E- pg. 2: ACC/AHA Guidelines: 
 
“In addition to these specific guidelines, the 
investigator should also incorporate the 
recommendations set forth in the ACC/AHA 2005 
Guideline Update for the Diagnosis and 
Management of Chronic Heart Failure in the 
Adult.” 
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ACC/AHA Guidelines 2005 pg. e202: 
 
“Evidence suggesting the negative of effects of 
thiazolidinediones in NYHA Class III patients is 
described. 
 
 “Thiazolidinediones have been associated with 
increased peripheral edema and symptomatic HF in 
patients with underlying risk factors or known 
cardiovascular disease. The risk of developing edema 
with thiazolidinediones is dose related and is higher 
in diabetic patients who are taking concomitant 
insulin therapy… Initiation of these drugs is not 
recommended in patients with NYHA functional 
class III to IV symptoms of HF.” 
 

On 8-21-2009, a CardioMEMS nurse wrote “I 
wanted to alert you to [specific subject]’s 
increase in pressures over the past week with a 
mean of 42 today. She responded nicely to extra 
Lasix back in May. Would you consider this 
again?” A response the same day from the 
physician, directed to the site nurse but 
including the CardioMEMS nurse, states “agree 
give extra dose for 3 days and check if 
anything different in terms of diet, activity, etc.” 
 

Knowledge of subjects prior response to therapy- 
Appendix E – pg. 1: 
 
 “Diuretics and vasodilators should be adjusted based 
on the subject’s baseline diuretic requirement, 
knowledge of the subject’s prior response to these 
agents, and clinician judgment to accomplish the 
pressure goals set forth in this guideline.” 
 
Increase Diuretics- 
 Appendix E- pg. 3: 
 
Hyper-volemic Treatment Recommendations  
• Add or increase diuretic (and appropriate 

electrolyte replacement)  

a. Increase or add loop diuretic  

b. Change to another loop diuretic  

c. Add thiazide diuretic (with caution)  

d. IV doses of loop diuretic  

e. Serum electrolyte evaluation with change in 
baseline medication  

f. Re-assess pulmonary artery pressure utilizing the 
HF Pressure Measurement System at least 2 – 3 days 
per week until optivolemic  
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On 11-16-2007, one of the national PIs sent the 
following email to CardioMEMS after talking 
with the principal investigator at a specific site. 
“I spoke with [the site principle investigator] 
this morning. We had a very collegial and 
productive discussion about hemodynamic 
monitoring, in general, and his patients, in 
particular. It sounds like patient #2 is very ill 
and will likely be made DNR.  Patient #3 has 
had persistent elevation in her PA pressures, 
despite escalation of diuretic dose. Following 
[CardioMEMS employee]’s conversation with 
[the site principle investigator] yesterday, he 
increased the furosemide dose from 80 mg bid 
to 120 mg bid (the patient was previously [prior 
to 10/25] on 40 mg bid). The patient does not 
have any clinical signs of extra-cellular fluid 
volume excess. The patient does, in fact, have 
substantial mitral regurgitation. I suggested that 
he consider starting a long acting nitrate and 
letting me know what happens; we may need to 
back off of the diuretic, if the nitrate works. I 
also thanked him for his great and ongoing 
contribution to the study.” 
 

Consultation with National Principle Investigators- 
Appendix E- pg. 1: 
 
 “Consultation with the national PI’s is encouraged to 
optimize the success of medical management of PA 
pressures.” 
 
Add Vasodilator-  
Appendix E- pg. 1 and pg. 2: 
 
“If diuresis causes the above mentioned clinical 
events and the pulmonary pressures stay higher than 
the reference range, the suggestion is to attempt to 
reduce the pulmonary pressures with vasodilator 
therapy, primarily using long-acting nitroglycerin 
therapy as needed.” 
 
“Hyper-volemic Treatment Recommendations  
• Add or increase diuretic (and appropriate 

electrolyte replacement)  

a. Increase or add loop diuretic  

b. Change to another loop diuretic  

c. Add thiazide diuretic (with caution)  

d. IV doses of loop diuretic  

e. Serum electrolyte evaluation with change in 
baseline medication  

f. Re-assess pulmonary artery pressure utilizing the 
HF Pressure Measurement System at least 2 – 3 days 
per week until optivolemic  

• Add or increase nitrates  

• Start or re-educate in salt intake and fluid 
restriction”  

 

On 5-7-2008 a CardioMEMS nurse wrote 
“There are a few of your patients whose PA 
pressures are trending upward or are borderline 
elevated. I have reviewed the following cases 
and would like to review with you the plan for 
medical management. I know my information 
may not be current/accurate so please update as 

Consultation with National Principle Investigators- 
Appendix E- pg. 1: 
 
 “Consultation with the national PI’s is encouraged to 
optimize the success of medical management of PA 
pressures.” 
.” 
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appropriate. If you or [the site principle 
investigator] would like further consultation 
with one of the national PI's or member of the 
steering committee I would be glad to arrange 
that.” 
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