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BACKGROUND: 
Blue Advantage medical policy does not conflict with Local Coverage Determinations (LCDs), 
Local Medical Review Policies (LMRPs) or National Coverage Determinations (NCDs) or with 
coverage provisions in Medicare manuals, instructions or operational policy letters.  In order to 
be covered by Blue Advantage the service shall be reasonable and necessary under Title XVIII of 
the Social Security Act, Section 1862(a)(1)(A).  The service is considered reasonable and 
necessary if it is determined that the service is: 
 

1. Safe and effective; 
2. Not experimental or investigational*;  
3. Appropriate, including duration and frequency that is considered appropriate for the 

service, in terms of whether it is: 
• Furnished in accordance with accepted standards of medical practice for the 

diagnosis or treatment of the patient’s condition or to improve the function of a 
malformed body member; 

• Furnished in a setting appropriate to the patient’s medical needs and condition; 
• Ordered and furnished by qualified personnel; 
• One that meets, but does not exceed, the patient’s medical need; and 
• At least as beneficial as an existing and available medically appropriate alternative.  
 

*Routine costs of qualifying clinical trial services with dates of service on or after September 19, 
2000 which meet the requirements of the Clinical Trials NCD are considered reasonable and 
necessary by Medicare.  Providers should bill Original Medicare for covered services that are 
related to clinical trials that meet Medicare requirements (Refer to Medicare National Coverage 
Determinations Manual, Chapter 1, Section 310 and Medicare Claims Processing Manual 
Chapter 32, Sections 69.0-69.11).
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POLICY: 
Blue Advantage will treat cardiac hemodynamic monitoring for the management of heart 
failure utilizing inert gas rebreathing, arterial pressure/Valsalva, and implantable direct 
pressure monitoring of the pulmonary artery as a non-covered benefit and as investigational 
in the ambulatory care and outpatient setting. 
 
For coverage criteria for cardiac hemodynamic monitoring for the management of heart 
failure using thoracic bioimpedance, refer to the NCD for Cardiac Output Monitoring by 
Thoracic Electrical Bioimpedance (TEB) (20.16).  
 
 
Blue Advantage does not approve or deny procedures, services, testing, or equipment for our 
members. Our decisions concern coverage only. The decision of whether or not to have a certain 
test, treatment or procedure is one made between the physician and his/her patient. Blue 
Advantage administers benefits based on the members' contract and corporate medical policies. 
Physicians should always exercise their best medical judgment in providing the care they feel is 
most appropriate for their patients. Needed care should not be delayed or refused because of a 
coverage determination. 
 
 
DESCRIPTION OF PROCEDURE OR SERVICE: 
A variety of outpatient cardiac hemodynamic monitoring devices are intended to improve quality 
of life and reduce morbidity for patients with heart failure by decreasing episodes of acute 
decompensation. Monitors can identify physiologic changes that precede clinical symptoms and 
thus allow preventive intervention.  These devices operate through a variety of mechanisms, 
including implantable pressure sensors, thoracic bioimpedance measurement, inert gas 
rebreathing, and estimation of left ventricular end diastolic pressure by arterial pressure during 
the Valsalva maneuver. 
  
Chronic Heart Failure 
Patients with chronic heart failure are at risk of developing acute decompensated heart failure, 
often requiring hospital admission. Patients with a history of acute decompensation have the 
additional risk of future episodes of decompensation, and death. Reasons for the transition from a 
stable, chronic state to an acute, decompensated state include disease progression, as well as 
acute events such as coronary ischemia and dysrhythmias. While precipitating factors are 
frequently not identified, the most common preventable cause is noncompliance with medication 
and dietary regimens.   
  
Management 
Strategies for reducing decompensation, and thus the need for hospitalization, are aimed at early 
identification of patients at risk for imminent decompensation. Programs for early identification 
of heart failure are characterized by frequent contact with patients to review signs and symptoms 
with a healthcare provider, education and adjustment of medications as appropriate. These 
encounters may occur face-to-face in the office or at home, or via cellular or computed 
technology. 

http://www.cms.gov/medicare-coverage-database/details/ncd-details.aspx?NCDId=267&ncdver=3&SearchType=Advanced&CoverageSelection=National&NCSelection=NCA%7cCAL%7cNCD%7cMEDCAC%7cTA%7cMCD&kq=true&bc=IAAAABAAAAAA&
http://www.cms.gov/medicare-coverage-database/details/ncd-details.aspx?NCDId=267&ncdver=3&SearchType=Advanced&CoverageSelection=National&NCSelection=NCA%7cCAL%7cNCD%7cMEDCAC%7cTA%7cMCD&kq=true&bc=IAAAABAAAAAA&
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 Precise measurement of cardiac hemodynamics is often employed in the intensive care setting to 
carefully manage fluid status in acutely decompensated heart failure. Transthoracic 
echocardiography, transesophageal echocardiography (TEE), and Doppler ultrasound are 
noninvasive methods for monitoring cardiac output on an intermittent basis for the more stable 
patient but are not addressed herein.  A variety of biomarkers and radiological techniques may be 
used for dyspnea when the diagnosis of acute decompensated heart failure is uncertain. 
  
The criterion standard for hemodynamic monitoring is pulmonary artery catheters and central 
venous pressure catheters. However, they are invasive, inaccurate and inconsistent in predicting 
fluid responsiveness. Several studies have demonstrated that catheters fail to improve outcome in 
critically ill patients and may be associated with harm. To overcome these limitations, multiple 
techniques and devices have been developed that use complex imaging technology and computer 
algorithms to estimate fluid responsiveness, volume status, cardiac output and tissue perfusion. 
Many are intended to be used in outpatient setting but can be used in the emergency department, 
intensive care unit, and operating room. Five methods are reviewed here: implantable pressure 
monitoring devices, non-invasive pulmonary fluid monitoring, thoracic bioimpedance, inert gas 
rebreathing, and arterial waveform during the Valsalva maneuver. The use of last 3 is not 
widespread because of several limitations including use of proprietary technology making it 
difficult to confirm their validity and lack of large randomized controlled trials to evaluate 
treatment decisions guided by these hemodynamic monitors. 
  
This policy refers only to the use of stand-alone cardiac output measurement devices designed 
for use in ambulatory care and outpatient settings. The use of cardiac hemodynamic monitors or 
intrathoracic fluid monitors that are integrated into other implantable cardiac devices, including 
implantable cardioverter defibrillators, cardiac resynchronization therapy devices, and cardiac 
pacing devices, is addressed in medical policy # 055 – Biventricular Pacemakers (Cardiac 
Resynchronization Therapy) for the Treatment of Heart Failure. 
  
 
KEY POINTS: 
The most recent literature review was updated through April 5, 2021. 
  
Summary of Evidence 
For individuals who have heart failure in outpatient settings who receive hemodynamic 
monitoring with an implantable pulmonary artery pressure sensor device, the evidence includes 
randomized controlled trials (RCTs). Relevant outcomes are overall survival, symptoms, 
functional outcomes, quality of life, morbid events, hospitalizations, and treatment-related 
morbidity. One implantable pressure monitor, the CardioMEMS device, has U.S. Food and Drug 
Administration approval. The pivotal CHAMPION RCT reported a statistically significant 
decrease in heart failure-related hospitalizations in patients implanted with CardioMEMS device 
compared with usual care. However, the results were potentially biased in favor of the treatment 
group due to use of additional nurse communication to enhance protocol compliance with the 
device. The manufacture conducted multiple analyses to address the issue of potential bias from 
the nurse interventions. These were reviewed favorably by FDA. While these analyses 
demonstrated consistency of benefit from the CardioMEMS device, all such analyses have 
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methodologic limitations. Early safety data is suggestive of a higher rate of procedural 
complications, particularly related to pulmonary artery injury. While the U.S. CardioMEMS 
post-approval study and CardioMEMS European Monitoring Study for Heart Failure (MEMS-
HF) study reported a significant decrease in heart-failure related hospitalizations with few 
device- or system-related complications at 1 year, the impact of nursing interventions remains 
unclear. Complete 2-year safety outcomes from the CardioMEMS post-approval study are 
pending, and the serious adverse event rate in the MEMS-HF trial was 8.9%. Given that the 
intervention is invasive, intended to be used for a highly prevalent condition, in the light of 
limited safety data, lack of demonstrable mortality benefit and pending questions related to its 
benefit for reduction in hospitalization, the net benefit remains uncertain. Concerns may be 
clarified by the ongoing GUIDE-HF RCT that proposes to enroll 3600 patients. The evidence is 
insufficient to determine that the technology results in an improvement in net health outcomes. 
  
For individuals who have heart failure in outpatient setting who receive hemodynamic 
monitoring by thoracic bioimpedance, the evidence includes uncontrolled prospective studies 
and case series. Relevant outcomes are overall survival, symptoms, functional outcomes, quality 
of life, morbid events, hospitalizations, and treatment-related morbidity. There is a lack of RCT 
evidence evaluating whether use of these technologies improves health outcomes over standard 
active management of heart failure patients. The case series have reported physiologic 
measurement-related outcomes and/or associations between monitoring information and heart 
failure exacerbations, but do not provide definitive evidence on device efficacy. The evidence is 
insufficient to determine the effects of the technology on health outcomes. 
  
For individuals who have heart failure in outpatient settings who receive hemodynamic 
monitoring with inert gas rebreathing or non-invasive pulmonary fluid monitoring, no studies 
have been identified on clinical validity or clinical utility. Relevant outcomes are overall 
survival, symptoms, functional outcomes, quality of life, morbid events, hospitalizations, and 
treatment-related morbidity. The evidence is insufficient to determine the effects of the 
technology on health outcomes. 
  
For individuals who have heart failure in outpatient settings who receive hemodynamic 
monitoring of arterial pressure during the Valsalva maneuver, a single study was identified. 
Relevant outcomes are overall survival, symptoms, functional outcomes, quality of life, morbid 
events, hospitalizations, and treatment-related morbidity. The study assessed the use of LVEDP 
monitoring and reported an 85% sensitivity and an 80% specificity to detect LVEDP greater than 
15 mm Hg. The evidence is insufficient to determine the effects of the technology on health 
outcomes. 
  
Practice Guidelines and Positions Statements 
American College of Cardiology et al 
The 2017 joint guidelines by the American College of Cardiology, American Heart Association, 
and Heart Failure Society of America issued joint guidelines on the management of heart failure 
that offered no recommendations for use of ambulatory monitoring devices. 
  



Page 5 of 14 
Proprietary Information of Blue Cross and Blue Shield of Alabama 

An Independent Licensee of the Blue Cross and Blue Shield Association 
Blue Advantage Medical Policy #441 

National Institute for Health and Clinical Excellence 
The updated 2018 guidance from the National Institute for Health and Care Excellence (NICE) 
on chronic heart failure management did not include outpatient hemodynamic monitoring as a 
recommendation. 
  
In 2013, NICE issued guidance on the insertion and use of implantable pulmonary artery 
pressure monitors in chronic heart failure. The recommendations concluded that “Current 
evidence on the safety and efficacy of the insertion and use of implantable pulmonary artery 
pressure monitors in chronic heart failure is limited in both quality and quantity.” 
  
Heart Failure Society of America 
In 2018, the Heart Failure Society of America Scientific Statements Committee published a 
white paper consensus statement on remote monitoring of patients with heart failure. 
  
The committee concluded that: "Based on available evidence, routine use of external RPM 
devices is not recommended. Implanted devices that monitor pulmonary arterial pressure and/or 
other parameters may be beneficial in selected patients or when used in structured programs, but 
the value of these devices in routine care requires further study.” 
  
U.S. Preventive Services Task Force Recommendations 
Not applicable 
  
 
KEY WORDS: 
Thoracic electrical bioimpedance, TEB, impedance cardiography, ICD, cardiac output, CO, 
thermodilution, inert gas rebreathing, BioZ®, Innocor, VeriCor®, Endosure®, Implantable 
Direct Pulmonary Artery Pressure, Left Ventricular End Diastolic Pressure, LVEDP, 
Noninvasive Measurement, CardioMEMS, thoracic bioimpedance, TEBCO®, IQ™, Zoe®, 
Cheetah NICOM®, PhysioFlow®, Cardiography, ZOLL, MicroCor, uCor, HFAMS, Heart 
Failure and Arrhythmia Management System 
  
 
APPROVED BY GOVERNING BODIES: 
Noninvasive Left Ventricular End Diastolic Pressure Measurement Devices 
In June 2004, the VeriCor® (CVP Diagnostics, Boston, MA), a noninvasive left ventricular end 
diastolic pressure measurement device, was cleared for marketing by the U.S. Food and Drug 
Administration (FDA) through the 510(k) process. The FDA determined that this device was 
substantially equivalent to existing devices for the following indication: 
  
“The VeriCor is indicated for use in estimating non-invasively, left ventricular end-diastolic 
pressure (LVEDP). This estimate, when used along with clinical signs and symptoms and other 
patient test results, including weights on a daily basis, can aid the clinician in the selection of 
further diagnostic tests in the process of reaching a diagnosis and formulating a therapeutic plan 
when abnormalities of intravascular volume are suspected. The device has been clinically 
validated in males only. Use of the device in females has not been investigated.” 
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Thoracic Bioimpedance Devices 
Multiple thoracic impedance measurement devices that do not require invasive placement have 
been cleared for marketing by the U.S. Food and Drug Administration (FDA) 510(k) process.  
FDA determined that this device was substantially equivalent to existing devices for use for 
peripheral blood flow monitoring.  Table 1 includes a representative list of devices, but is not 
meant to be comprehensive (FDA product code: DSB). 
  
Table 1:  Noninvasive Thoracic Impedance Plethysmography Devices 

Device Manufacturer 
Year of FDA 
Clearance 

BioZ ® Thoracic Impedance 
Plethysmograph SonoSite (Bothell, WA) 2009 

Zoe® Fluid Status Monitor 

Noninvasive Medical 
Technologies LLC (Las Vegas, 
NV) 2004 

Cheetah Starling SV Cheetah Medical Inc. 2008 

Physioflow® Signal Morphology-based 
Impedance Cardiography (SM-ICG™) 

Vasocom Inc., now Neumedx 
Inc. (Bristol, PA) 2008 

ReDSTM  Wearable System  
  

Sensible Medical Innovations 
(Philadelphia, PA) 2015 

FDA:  U.S. Food and Drug Administration. 
  
In addition, several manufacturers market thoracic impedance measurement devices that are 
integrated into implantable devices. 
  
Non-invasive Pulmonary Fluid Monitoring 
In May 2018, the ZOLL uCor (MicroCor) Heart Failure and Arrhythmia Management System 
(HFAMS) was approved by the FDA through the 510(k) process. The device is described as a 
“wireless system that employs novel radiofrequency technology to monitor pulmonary fluid 
levels…ZOLL HFAMS continuously records, stores, and transmits patient data, including 
Thoracic Fluid Index, heart rate, respiration rate, activity, posture, and heart rhythm.” 
  
Inert Gas Rebreathing Devices 
In March 2006, the Innocor® (Innovision, Denmark), an inert gas rebreathing device, was 
cleared for marketing by FDA through the 510(k) process. FDA determined that this device was 
substantially equivalent to existing inert gas rebreathing devices for use in computing blood 
flow.  FDA product code: BZG. 
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Implantable Pulmonary Artery Pressure Sensor Devices 
In May 2014, the CardioMEMS™ Champion Heart Failure Monitoring System (CardioMEMS, 
now Abbott) was approved for marketing by FDA through the premarket approval process. This 
device consists of an implantable pulmonary artery (PA) sensor, which is implanted in the distal 
PA, a transvenous delivery system, and an electronic sensor that processes signals from the 
implantable PA sensor and transmits PA pressure measurements to a secure database. The device 
originally underwent FDA review in 2011, at which point FDA decided that there was no 
reasonable assurance that the discussed monitoring system would be effective, particularly in 
certain subpopulations, although it was agreed that this monitoring system was safe for use in the 
indicated patient population. 
  
Several other devices that monitor cardiac output by measuring pressure changes in the PA or 
right ventricular outflow tract have been investigated in the research setting but have not 
received FDA approval. They include the Chronicle® implantable continuous hemodynamic 
monitoring device (Medtronic, Minneapolis, MN), which includes a sensor implanted in the right 
ventricular outflow tract, and the ImPressure® device (Remon Medical Technologies, Caesara, 
Israel), which includes a sensor implanted in the PA. 
  
Note: This evidence review only addresses use of these techniques in ambulatory care and 
outpatient settings. 
  
 
BENEFIT APPLICATION: 
Coverage is subject to member’s specific benefits.  Group specific policy will supersede this 
policy when applicable. 
 
  
CURRENT CODING:  
CPT Codes: 
  

33289 

Transcatheter implantation of wireless pulmonary artery pressure sensor for long-term 
hemodynamic monitoring, including deployment and calibration of the sensor, right heart 
catheterization, selective pulmonary catheterization, radiological supervision and 
interpretation, and pulmonary artery angiography, when performed (Effective 01/01/2019) 

93264 

Remote monitoring of a wireless pulmonary artery pressure sensor for up to 30 days, 
including at least weekly downloads of pulmonary artery pressure recordings, 
interpretation(s), trend analysis, and report(s) by a physician or other qualified health care 
professional (Effective 01/01/2019) 

  
  
 
 
 



Page 8 of 14 
Proprietary Information of Blue Cross and Blue Shield of Alabama 

An Independent Licensee of the Blue Cross and Blue Shield Association 
Blue Advantage Medical Policy #441 

There is a specific CPT code for bioimpedance: 

93701 Bioimpedance-derived physiologic cardiovascular analysis 

  
There is a specific CPT code for non-invasive pulmonary monitoring: 

0607T 

Remote monitoring of an external continuous pulmonary fluid monitoring system, 
including measurement of radiofrequency-derived pulmonary fluid levels, heart rate, 
respiration rate, activity, posture, and cardiovascular rhythm (e.g., ECG data), transmitted 
to a remote 24-hour attended surveillance center; set-up and patient education on use of 
equipment (Effective 07/01/2020) 

0608T 
analysis of data received and transmission of reports to the physician or other qualified 
health care professional (Effective 07/01/2020) 

  
Inert gas rebreathing measurement and LVEDP should be reported using the unlisted code 
93799. 
  
There is no specific CPT code for implantable direct pressure monitoring of the pulmonary 
artery.  The unlisted code 93799 would be used. 
  

93799 Unlisted cardiovascular service or procedure 

  
 
REFERENCES: 

1. Abraham WT and Adamson P.  CardioMEMS completes CHAMPION Clinical Trial 
Study.  Study results indicate that the CardioMEMS implantable hemodynamic 
monitoring system significantly reduces the leading cause of hospitalizations in the U.S.  
CardioMEMS™, www.cardiomems.com/content.asp?display=news&view=17. 

2. Abraham WT, Adamson PB, Bourge RC et al. Wireless pulmonary artery haemodynamic 
monitoring in chronic heart failure: a randomised controlled trial. Lancet 2011; 
377(9766):658-66. 

3. Abraham WT, Compton S, Haas G et al. Intrathoracic impedance vs daily weight 
monitoring for predicting worsening heart failure events: results of the Fluid 
Accumulation Status Trial (FAST). Congest Heart Fail 2011; 17(2):51-5. 

4. Abraham J, Bharmi R, Jonsson O, et al. Association of Ambulatory Hemodynamic 
Monitoring of Heart Failure With ClinicalOutcomes in a Concurrent Matched Cohort 
Analysis. JAMA Cardiol. Jun 01 2019; 4(6): 556-563. 

5. Abraham WT, Stevenson LW, Bourge RC, et al. Sustained efficacy of pulmonary artery 
pressure to guide adjustment of chronic heart failure therapy: complete follow-up results 
from the CHAMPION randomised trial. Lancet. Jan 30 2016; 387(10017):453-461. 



Page 9 of 14 
Proprietary Information of Blue Cross and Blue Shield of Alabama 

An Independent Licensee of the Blue Cross and Blue Shield Association 
Blue Advantage Medical Policy #441 

6. Adamson PB, Abraham WT, Bourge RC, et al. Wireless pulmonary artery pressure 
monitoring guides management to reduce decompensation in heart failure with preserved 
ejection fraction. Circ Heart Fail. Nov 2014;7(6):935-944. 

7. Adamson PB, Abraham WT, Stevenson LW, et al. Pulmonary artery pressure-guided 
heart failure management reduces 30-day readmissions. Circ Heart Fail. Jun 2016;9(6). 

8. Adamson PB, Abraham WT, Aaron M et al. CHAMPION trial rationale and design: the 
long-term safety and clinical efficacy of a wireless pulmonary artery pressure monitoring 
system. J Card Fail 2011; 17(1):3-10. 

9. Adamson PB, Gold MR, Bennett T et al. Continuous hemodynamic monitoring in 
patients with mild to moderate heart failure: results of The Reducing Decompensation 
Events Utilizing Intracardiac Pressures in Patients with Chronic Heart Failure 
(REDUCEhf) trial. Congest Heart Fail 2011; 17(5):248-54. 

10. Amir O, Azzam ZS, Gaspar T, et al. Validation of remote dielectric sensing (ReDS) 
technology for quantification of lung fluid status: Comparison to high resolution chest 
computed tomography in patients with and without acute heart failure. Int J Cardiol. Oct 
15 2016; 221:841-846. 

11. Amir O, Ben-Gal T, Weinstein JM, et al. Evaluation of remote dielectric sensing (ReDS) 
technology-guided therapy for decreasing heart failure re-hospitalizations. Int J Cardiol. 
Aug 1 2017;240:279-284. 

12. Anand IS, Greenberg BH, Fogoros RN et al. Design of the Multi-Sensor Monitoring in 
Congestive Heart Failure (MUSIC) study: prospective trial to assess the utility of 
continuous wireless physiologic monitoring in heart failure. Journal of cardiac failure 
2011; 17(1):11-6. 

13. Anand IS, Tang WH, Greenberg BH et al. Design and performance of a multisensor heart 
failure monitoring algorithm: results from the multisensor monitoring in congestive heart 
failure (MUSIC) study. Journal of cardiac failure 2012; 18(4):289-95. 

14. Angermann CE, Assmus B, Anker SD, et al. Pulmonary artery pressure-guided therapy in 
ambulatory patients withsymptomatic heart failure: the CardioMEMS European 
Monitoring Study for Heart Failure (MEMS-HF). Eur J Heart Fail. Oct2020; 22(10): 
1891-1901. 

15. Belardinelli, R. et al.  Comparison of impedance cardiography with thermodilution and 
direct Fick methods for noninvasive measurements of stroke volume and cardiac output 
during incremental exercise in patients with ischemic cardiomyopathy, American Journal 
of Cardiology, 1996, Vol. 77, pp. 1293-1301. 

16. Bourge RC, Abraham WT, Adamson PB et al. Randomized controlled trial of an 
implantable continuous hemodynamic monitor in patients with advanced heart failure: the 
COMPASS-HF study. Journal of the American College of Cardiology 2008; 
51(11):1073-9. 

17. Burns DJP, Arora J, Okunade O, et al. International Consortium for Health Outcomes 
Measurement (ICHOM): StandardizedPatient-Centered Outcomes Measurement Set for 
Heart Failure Patients. JACC Heart Fail. Mar 2020; 8(3): 212-222. 



Page 10 of 14 
Proprietary Information of Blue Cross and Blue Shield of Alabama 

An Independent Licensee of the Blue Cross and Blue Shield Association 
Blue Advantage Medical Policy #441 

18. CardioMEMSChampion™ Heart Failure Monitoring System: Presentation - 
CardioMEMS: Oct. 9, 2013. 2013; 
https://wayback.archiveit.org/7993/20170111163201/http://www.fda.gov/downloads/Adv
isoryCommittees/CommitteesMeetingMaterials/ 
MedicalDevices/MedicalDevicesAdvisoryCommittee/CirculatorySystemDevicesPanel/U
CM370951.pdf. Accessed April 17, 2018. 

19. CardioMEMS Champion™ HF Monitoring System: FDA Review of P100045/A004FDA 
Presentation - CardioMEMS: Oct. 9, 2013. 2013; 
https://wayback.archiveit.org/7993/20170111163259/http://www.fda.gov/downloads/Adv
isoryCommittees/CommitteesMeetingMaterials/ 
MedicalDevices/MedicalDevicesAdvisoryCommittee/CirculatorySystemDevicesPanel/U
CM370955.pdf. Accessed April 17, 2018. 

20. Chaney, J. et al.  Minimally invasive hemodynamic monitoring for the intensivist:  
Current and emerging technology, Critical Care Medicine, October 2002, Vol. 30, No. 
10. 

21. Christensen P, et al.  Thermodilution versus inert gas rebreathing for estimation of 
effective pulmonary blood flow, Critical Care Medicine, January 2000; 28(1): 51-56. 

22. Conraads VM, Tavazzi L, Santini M et al. Sensitivity and positive predictive value of 
implantable intrathoracic impedance monitoring as a predictor of heart failure 
hospitalizations: the SENSE-HF trial. European heart journal 2011; 32(18):2266-73. 

23. Damgaard M and Norsh P.  Effects of ventilation on cardiac output determined by inert 
gas rebreathing, Clinical Physiology and Functional Imaging, May 2005; 25(3): 142-147. 

24. DeMaria, A. et al.  Comparative overview of cardiac output measurement methods:  Has 
impedance cardiography come of age?, Congestive Heart Failure, March-April 2000; 
6(2): 60-73. (Abstract) 

25. DeMaria, A. et al. The COST study: A multicenter trial comparing measurement of 
cardiac output by thoracic electrical bioimpedance with thermodilution, Presentation at 
the American College of Cardiology 47th Annual Scientific Session, April 1, 1998. 
(Abstract) 

26. Desai AS, Bhimaraj A, Bharmi R, et al. Ambulatory hemodynamic monitoring reduces 
heart failure hospitalizations in "real-world" clinical practice. J Am Coll Cardiol. May 16 
2017;69(19):2357-2365. 

27. Dickinson, MM, Allen, LL, Albert, NN, et al. Remote Monitoring of Patients With Heart 
Failure: A White Paper From the Heart Failure Society of America Scientific Statements 
Committee.. J. Card. Fail., 2018 Oct 12;24(10). 

28. Doering, Lynn, et al. Predictors of between-method differences in cardiac output 
measurement using thoracic electrical bioimpedance and thermodilution, Critical Care 
Medicine, October 1995, Vol. 23 (10), pp. 1667-1673. 

29. Drazner, M. et al. Comparison of impedance cardiography with invasive hemodynamic 
measurements in patients with heart failure secondary to ischemic or nonischemic 
cardiomyopathy, The American Journal of Medicine, April 2002, Vol. 89, No. 8. 



Page 11 of 14 
Proprietary Information of Blue Cross and Blue Shield of Alabama 

An Independent Licensee of the Blue Cross and Blue Shield Association 
Blue Advantage Medical Policy #441 

30. Dueck, R. et al. Noninvasive cardiac output monitoring, Chest, August 2001, Vol. 120, 
No. 2. 

31. Durkin RJ, et al. Noninvasive estimation of pulmonary vascular resistance by stroke 
index measurement with an inert gas rebreathing technique, Chest, July 1994; 106(1): 59-
66. 

32. FDA. Summary of Safety and Effectiveness Data (SSED) -- CardioMEMS HF System. 
2014. Available online at: www.accessdata.fda.gov/cdrh_docs/pdf10/P100045b.pdf. Last 
accessed March 19, 2020. 

33. FDA. 510(k) Clearances.  Available at: https://www.fda.gov/medical-devices/510k-
clearances/may-2018-510k-clearances. 

34. Givertz MM, Stevenson LW, Costanzo MR, et al. Pulmonary Artery Pressure-Guided 
Management of Patients With Heart Failure and Reduced Ejection Fraction. J Am Coll 
Cardiol. Oct 10 2017;70(15):1875-1886. 

35. Hassan M, Wagdy K, Kharabish A, et al. Validation of Noninvasive Measurement of 
Cardiac Output Using Inert Gas Rebreathing in a Cohort of Patients With Heart Failure 
and Reduced Ejection Fraction. Circ Heart Fail. Mar 2017; 10(3).  

36. Heist EK, Herre JM, Binkley PF, et al. Analysis of different device-based intrathoracic 
impedance vectors for detection of heart failure events (from the Detect Fluid Early from 
Intrathoracic Impedance Monitoring study). Am J Cardiol. Oct 15 2014; 114(8):1249-
1256. 

37. Heywood JT, Jermyn R, Shavelle D et al. Impact of practice-based management of 
pulmonary artery pressures in 2000 patients implanted with the CardioMEMS Sensor. 
Circulation. 2017 Apr 18; 135(16): 1509-1517. 

38. Hirschl, M. et al.  Simultaneous comparison of thoracic bioimpedance and arterial pulse 
waveform-derived cardiac output with thermodilution measurement, Critical Care 
Medicine, June 2000, Vol., 28, No., 6, pp. 1798-1802. 

39. International Consortium for Health Outcomes Measurement, Inc (ICHOM). Heart 
Failure version 1.1.4. Oct 2017. Accessed March 19, 2020. 

40. IOM (Institute of Medicine). 2011. Clinical Practice Guidelines We Can Trust. 
Washington, DC: The National Academies Press. 

41. Jessup M, Abraham WT, Casey DE, et al. 2009 Writing Group to Review New Evidence 
and Update the 2005 Guideline for the Management of Patients with Chronic Heart 
Failure Writing on Behalf of the 2005 Heart Failure. 2009 Focused update: ACCF/AHA 
Guidelines for the Diagnosis and Management of Heart Failure in Adults: A Report of the 
American College of Cardiology Foundation/American Heart Association Task Force on 
Practice Guidelines: Developed in Collaboration with the International Society for Heart 
and Lung Transplantation. Circulation 2009; 119: 1977-2016. 

42. Jordan HS, Ionnidis JP and Goudas LC. Thoracic electrical bioimpedance 2002. Tufts-
New England Medical Center Agency for Healthcare Research and Quality (AHRQ) 
Evidence-based Practice Center. Available at www.cms.gov. Accessed July 12, 2010. 

43. Kamath SA, Drazner MH, Tasissa G et al. Correlation of impedance cardiography with 
invasive hemodynamic measurements in patients with advanced heart failure: the 



Page 12 of 14 
Proprietary Information of Blue Cross and Blue Shield of Alabama 

An Independent Licensee of the Blue Cross and Blue Shield Association 
Blue Advantage Medical Policy #441 

BioImpedance CardioGraphy (BIG) substudy of the Evaluation Study of Congestive 
Heart Failure and Pulmonary Artery Catheterization Effectiveness (ESCAPE) Trial. 
American heart journal 2009; 158(2):217-23. 

44. Krahnke JS, Abraham WT, Adamson PB, et al. Heart failure and respiratory 
hospitalizations are reduced in patients with heart failure and chronic obstructive 
pulmonary disease with the use of an implantable pulmonary artery pressure monitoring 
device. J Card Fail. Mar 2015; 21(3):240-249. 

45. Lang CC, Karlin P, Haythe J et al. Ease of noninvasive measurement of cardiac output 
coupled with peak VO2 determination at rest and during exercise in patients with heart 
failure. The American journal of cardiology 2007; 99(3):404-5. 

46. Loh JP, Barbash IM, Waksman R. Overview of the 2011 Food and Drug Administration 
Circulatory System Devices Panel of the Medical Devices Advisory Committee Meeting 
on the CardioMEMS Champion Heart Failure Monitoring System. Journal of the 
American College of Cardiology 2013; 61(15):1571-6. 

47. Mant J, Al-Mohammad A, Swain S et al. Management of chronic heart failure in adults: 
synopsis of the National Institute for Health and clinical excellence guideline. Ann Intern 
Med 2011; 155(4):252-9. 

48. McAlister FA, Stewart S, Ferrua S and McMurray JJ. Multidisciplinary strategies for the 
management of heart failure patients at high risk for admission: A systematic review of 
randomized trials. JACC, August 2004; 44(4): 810-819. 

49. McIntyre KM, Parisi AF, Brown R, et al. Validation and clinical applications of a 
noninvasive Valsalva response recorder. J Appl Cardiol 1987; 2(2):137-69. 

50. McIntyre KM, Vita JA, Lambrew CT, et al. A noninvasive method of predicting 
pulmonary-capillary wedge pressure. NEJM, December 1992; 327(24): 1715-1720. 

51. Moshkovitz Y, et al. Recent developments in cardiac output determination by 
bioimpedance: Comparison with invasive cardiac output and potential cardiovascular 
applications, Current Opinion in Cardiology, May 2004; 19(3): 229-237. 

52. National Institute for Health and Care Excellence. Insertion and use of implantable 
pulmonary artery pressure monitors in chronic heart failure, Interventional procedures 
guidance [IPG463]. 2013; www.nice.org.uk/guidance/ipg463. Accessed April 24, 2018. 

53. National Institute for Health and Care Excellence (NICE). Chronic heart failure in adults: 
diagnosis and management; NICE guideline NG106. Sep 2018. Accessed Apr 2, 2019. 

54. Opasich C, Rapezzi C, Lucci D, et al. Precipitating factors and decision-making 
processes of short-term worsening heart failure despite “optimal” treatment (from the IN-
CHF Registry). Am J Cardiol, August 2001; 88(4): 382-387. 

55. Packer M, Abraham WT, Mehra MR et al. Utility of impedance cardiography for the 
identification of short-term risk of clinical decompensation in stable patients with chronic 
heart failure. Journal of the American College of Cardiology 2006; 47(11):2245-52. 

56. Peyton PJ, et al. Agreement of an inert gas rebreathing device with thermodilution and 
the direct oxygen Fick method in measurement of pulmonary blood flow, Journal of 
Molecular Modeling, December 2004; 18(5-6): 373-378. 



Page 13 of 14 
Proprietary Information of Blue Cross and Blue Shield of Alabama 

An Independent Licensee of the Blue Cross and Blue Shield Association 
Blue Advantage Medical Policy #441 

57. Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for the diagnosis and 
treatment of acute and chronic heart failure. Rev Esp Cardiol (Engl Ed). Dec 
2016;69(12):1167. 

58. Raaijmakers, Esther. A meta-analysis of three decades of validating thoracic impedance 
cardiography, Critical Care Medicine, June 1999, Vol. 27, No. 6. 

59. Sharma GVRK, Woods PA, Lambrew CT, et al. Evaluation of a noninvasive system for 
determining left ventricular filling pressure. Arch Intern Med 2002; 162: 2084-2088. 

60. Shavelle DM, Desai AS, Abraham WT, et al. Lower Rates of Heart Failure and All-
Cause Hospitalizations During PulmonaryArtery Pressure-Guided Therapy for 
Ambulatory Heart Failure: One-Year Outcomes From the CardioMEMS Post-
ApprovalStudy. Circ Heart Fail. Aug 2020; 13(8): e006863. 

61. Shoemaker, W.C., et al. Multicenter trial of a new thoracic electrical bioimpedance 
device for cardiac output estimation, Critical Care Medicine, December 1994; 22(12): 
1907-12. 

62. Silber HA, Trost JC, Johnston PV et al. Finger photoplethysmography during the 
Valsalva maneuver reflects left ventricular filling pressure. Am J Physiol Heart Circ 
Physiol 2012; 302(10):H2043-7. 

63. Stevenson LW, Zile M, Bennett TD et al. Chronic ambulatory intracardiac pressures and 
future heart failure events. Circ Heart Fail 2010; 3(5):580-7. 

64. Vaduganathan M, DeFilippis EM, Fonarow GC, et al. Postmarketing Adverse Events 
Related to the CardioMEMS HF System. JAMA Cardiol. Nov 1 2017;2(11):1277-1279. 

65. Yancy CW, Jessup M, Bozkurt B et al. 2013 ACCF/AHA Guideline for the management 
of heart failure: a report of the American College of Cardiology Foundation/American 
Heart Association Task Force on Practice Guidelines. Circulation 2013. 

66. Yancy CW, Jessup M, Bozkurt B, et al. 2017 ACC/AHA/HFSA Focused Update of the 
2013 ACCF/AHA Guideline for the Management of Heart Failure: A Report of the 
American College of Cardiology/American Heart Association Task Force on Clinical 
Practice Guidelines and the Heart Failure Society of America. J Am Coll Cardiol. Aug 8 
2017;70(6):776-803. 

67. Zannad F, Garcia AA, Anker SD, et al. Clinical outcome endpoints in heart failure trials: 
a European Society of Cardiology HeartFailure Association consensus document. Eur J 
Heart Fail. Oct 2013; 15(10): 1082-94. 

68. ZOLL. ZOLL introduces new technology to improve the management of acute heart 
failure patients. Available at: https://www.zoll.com/news-releases/2019/06/10/zoll-new-
tech-acute-heart-failure-patients-management. 

 
 
POLICY HISTORY: 
Adopted for Blue Advantage, August 2010 
Available for comment August 22 through October 6, 2011 
Medical Policy Group, August 2011 
Medical Policy Group, July 2012 



Page 14 of 14 
Proprietary Information of Blue Cross and Blue Shield of Alabama 

An Independent Licensee of the Blue Cross and Blue Shield Association 
Blue Advantage Medical Policy #441 

Medical Policy Group, July 2013 
Medical Policy Group, July 2014 
Medical Policy Group, September 2014 
Medical Policy Group, November 2014 
Medical Policy Group, November 2015 
Medical Policy Group, May 2016 
Medical Policy Group, June 2016 
Medical Policy Group, June 2017 
Medical Policy Group, May 2018 
Medical Policy Group, December 2018:  2019 CPT Coding Update 
Medical Policy Group, May 2019 
Medical Policy Group, June 2020: Added CPT codes 0607T and 0608T. 
Medical Policy Group, June 2021 
 
This medical policy is not an authorization, certification, explanation of benefits, or a contract. Eligibility and 
benefits are determined on a case-by-case basis according to the terms of the member’s plan in effect as of the date 
services are rendered. All medical policies are based on (i) research of current medical literature and (ii) review of 
common medical practices in the treatment and diagnosis of disease as of the date hereof. Physicians and other 
providers are solely responsible for all aspects of medical care and treatment, including the type, quality, and levels 
of care and treatment. 
 
This policy is intended to be used for adjudication of claims (including pre-admission certification, pre-
determinations, and pre-procedure review) in Blue Cross and Blue Shield’s administration of plan contracts. 
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