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Abstract: The prevalence of heart failure (HF) has been on the rise with associated increase in 
hospitalizations, morbidity and mortality. These hospitalizations have led to increasingly more cost on and 
decreased quality of life for patients. CardioMEMS is one of the newer devices designed to help tackle this 
issue by allowing for better monitoring of HF patients. This device also allows for accurate recording of 
pulmonary artery pressures (PAPs) and has also been applied in various other areas, such as aneurysmal tears, 
for monitoring pressures. In this manuscript we will review the current state of CardioMEMS HF system 
and investigate some of the other areas for its promising use in the field. 
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Introduction

Heart failure (HF) is a major health issue and a leading 
cause of hospitalization. The global prevalence has increased 
from 23 million in 2010 (1) to 40 million in 2015 (2).  
The aim of management of HF is to maintain the 
pumping function of the heart and prevent progression to 
decompensated HF and congestive sequelae which are the 
most common causes of hospitalization in HF patients (3).  
Throughout the past few decades the goal has been to find 
the best method for monitoring congestive symptoms. 
Fulfilling this task through regular physician visits, blood test 
and imaging modalities are insufficient for optimal control 
and decreasing the HF-related hospitalization rates (3).  
It has been shown, even markers such as N-terminal pro-B 
type natriuretic (NT-proBNP) which is heavily relied on for 
diagnosis and guiding of management of HF and one that 
has been shown to have some value in mortality benefit (4), 
cannot reliably predict mortality or overall hospitalization 

rates (5). Thus, remote monitoring has emerged as a viable 
option to overcome the long interval between office visits 
to serve as a tool to provide an effective method to monitor 
patients remotely to ‘catch’ the disease in time in order to 
prevent hospitalization. 

Non-invasive methods, such as consistent scheduled 
phone calls with the patients and electronic transfer of 
physiologic data through electronic devices, have been 
previously studied in order to monitor HF patients 
which have not shown significant impact on mortality 
or hospitalization rates (6,7). Numerous clinical trials 
were conducted to see the impact of implantable cardiac 
electronic devices in the management of HF and early 
detection of congestive symptoms, however, the results 
were equivocal since the extraction of data was episodic 
or the extracted data, which were affected by variables 
such as heart rate, arrhythmia, changes in impedance, or 
patient activity, were not precise enough to allow early 
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detection of fluid retention and timely management (3,7). 
Acute decompensated heart failure (ADHF) pathophysiology 
gives rise to elevated ventricular filling pressure and has led 
to development of implantable hemodynamic monitoring 
devices that can monitor the right ventricular (RV) 
pressure and estimate the end diastolic pulmonary artery 
pressure (ePAD) which has a strong correlation with HF 
since it is the best representative of the left atrial pressure 
(LAP). Nevertheless, COMPASS-HF trial has showed 
nonsignificant difference compared to the optimal medical 
management (8). Nevertheless, this study has allowed 
us to understand the pathophysiology of both reduced 
and preserved ejection fraction HF more thoroughly (9).  
In both groups of HF, the ePAD was significantly 
elevated before the occurrence of ADHF (10). Therefore, 
continuous monitoring of the pulmonary artery pressure 
(PAP) could be used as an indicator of HF and would 
allow optimal monitoring and timely management before 
occurrence of symptomatic ADHF. CardioMEMS is a 
novel wireless device that was created for this purpose and 
approved by the Food and Drug Administration (FDA) in 
2014 to help monitor PAP and send the data on daily basis 
to providers allowing timely management of HF to help 
lower the hospitalization rate (7). 

Application

The CardioMEMS is a wireless pressure sensitive device 
that uses microelectromechanical systems (MEMS) 
technology. This device consists of an implantable HF 
sensor, a delivery catheter, and an electronic monitoring 
unit. Using right heart catheterization (RHC) and local 
anesthesia, the device is implanted in the distal pulmonary 
artery. It is composed of a coil and capacitor enveloped by a 
sealed silica capsule covered by silicone which form a circuit 
that resonates at a specific frequency. The changes in PAP 
applied on the sensor result in changes in the frequency of 
resonant waves. The device measures the pulmonary arterial 
pressure by ambient atmospheric pressure changes detected 
by its barometer. CardioMEMS does not have any batteries 
or leads and it is powered by an external antenna in the 
form of radiofrequency signals. 

At home by using a portable electronic unit and a special 
pillow which contains an antenna, the information gathered 
is translated into pressure measurements and transmitted 
to a secure server for processing. The reading takes place 
when the antenna is held against the body or when the 

patient lies on the pillow. This process is pain free and does 
not result in any abnormal sensation during the reading. 
The electronic unit transmits the PA measurements daily. 
These data can be used by the physicians to adjust the HF 
therapy (mainly through adjusting the diuretic dose) before 
congestive symptoms develop which ultimately results in 
lower hospitalization rates (11). This device has shown 
significant reduction in hospitalization rates among patients 
with New York Heart Association (NYHA) Class III HF 
and is expected to show mortality benefit in the ongoing 
GUIDE-HF trial (3,12,13). The current recommendation 
for its use is NYHA Class III HF patients who have been 
hospitalized for congestive heart failure (CHF) within one 
year prior to implantation. 

CardioMEMS can detect pressure changes related to 
conditions other than CHF. A case of subclinical aortic 
infective endocarditis was diagnosed with the detection 
of early changes by the device (14). Additionally, the PA 
monitoring could be used to guide medical optimization 
of patients prior to left ventricle assist device (LVAD) 
implantation and help with early detection of complication 
(15,16). Feldman and colleagues recently investigated the 
applicability of CardioMEMS as a tool for optimization of 
LVAD implantation timing and there was a shorter time 
LVAD implantation and it enables better optimization of 
LVAD performance when compared to current methods (17).  
Similar findings were reiterated by Tschöpe et al. in their 
case series whereby CardioMEMS led to better patient 
care when patients with end stage HF were transitioning 
to heart transplantation (18). In a 5-year cost effectiveness 
analysis of CardioMEMS, Schmier et al. established that it 
would be cost effective and it would lead to better quality 
adjusted life-year (QALY) for patient when compared to 
standard therapy (19). Other authors have also reported 
higher QALYs and cost-effectiveness when CardioMEMS is 
compared to standard therapy (20,21). It is associated with 
very low device complications and initial studies have shown 
approximately a 1% complication rate related to the device 
and the most reported complication being bleeding from the 
puncture (15,22). Overall complication rate during the first 
3 years after FDA approval was approximately 2.8% with the 
most serious complications being PA injury and hemoptysis 
(23,24). Singh and colleagues recently shown that despite 
its well established beneficial clinical outcomes for patients 
in management of HF, adaptation of CardioMEMS has 
been poor and among their patient population only 21% of 
patients eligible for device received it, pointing out that more 
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education in this area is required (25).

HF

Hemodynamic monitoring guided therapy in HF can 
help decrease hospitalization and measuring PAP can be 
used to assess the volume status of the individual in HF. 
CardioMEMS is used for optimization of volume status with 
guided medical therapy in management of HF. CHAMPION 
trial was a prospective, parallel, single-blinded, multicenter 
study that enrolled participants with NYHA Class III HF 
symptoms with a history of admission to hospital due to HF. 
This study showed a significant reduction in hospitalizations 
due to HF exacerbations in group when monitoring of PAP 
was used to guide therapy (11). Rates of hospitalizations 
were reduced in the treatment group by 33% and there was 
a 47% lower mortality rate when compared with the control  
group (26). Furthermore, sub-group analysis of CHAMPION 
trial also revealed a decrease in HF admissions with PAP 
monitoring guided therapy compared to symptomatic 
therapy alone (27). Mortality benefit in addition to decrease 
in hospitalization was observed in cardiac resynchronization 
therapy patients (28). Furthermore, a retrospective analysis 
showed 48% reduction in HF exacerbation admissions in 
PAP monitoring guided therapy (29). In 2014, the US FDA 
granted approval for St. Jude to distribute CardioMEMS for 
implantable hemodynamic monitoring in NYHA class III 
heart failure preserved ejection fraction (HFpEF) and heart 
failure reduced ejection fraction (HFrEF) on optimal medical 
therapy. 

An important variable for assessment off effectiveness of 
CardioMEMS in reduction of hospitalization was the 30-
day rate of readmission. Adamson and colleagues showed 
that in the study group, medications were changed more 
often as compared to the control group and the overall rate 
of hospitalizations was 49% lower in the treatment group 
when compared with control. It was also determined that all 
cause 30-day readmissions were 58% lower in the treatment 
group (30). In a recent large observational study on 2000, 
researchers demonstrated that application of CardioMEMS 
led to greater reduction in PAP which could eventually 
lead to less hospitalizations in these patients due to the 
direct correlation between the two (31). Subset analysis 
of the CHAMPION trial has shown that the sensor can 
lead to better hemodynamic management of patients with 
preserved ejection fraction as well and its application led to 
lower rates of hospitalization when compared to standard 
therapy (32). Vanoli and colleagues argue that it is the even 

though symptomatic management of HF can help in some 
cases if caught early and prevent hospitalization, remote 
monitoring represents a key approach which can lead to 
very early detection of an issue. This is especially true 
because the level of burden is really high, especially in HF 
with preserved ejection fraction where effective therapies 
are missing (33). Another current trial investigating the 
effectiveness of CardioMEMS in long-term outcomes 
for NYHA Class III HF patients is the CardioMEMS 
Monitoring Study for Heart Failure, also known as the 
MEMS-HF trials. It is a prospective, non-randomized, 
open-label, multicenter study with primary endpoints of 
freedom from device complications and sensor failure at 
12-month post-implantation, and secondary endpoints of 
annualized rate of HF-related hospitalizations at 12-month 
before and after implantation and assessment of QALY (34). 
It is the ability of CardioMEMS to be effective in catching 
cases early that makes it a great method for monitoring HF 
patients and such studies examining long-term outcomes in 
clinical settings help assess the effectiveness of this device in 
HF and long-term outcomes for patients. 

RHC vs. CardioMEMS 

The gold standard for diagnosis of pulmonary artery 
hypertension (PAH) and recording intracardiac pressures 
in HF patients is invasive hemodynamic assessment by 
RHC. Although it is an invasive procedure, it has become 
recognized and established as a safe method for assessment 
with minimal risks and has reported low morbidity and 
mortality in in patients with pulmonary hypertension 
(PH) (35). In an effort to minimize variations and errors 
in measurements, usually several readings are recorded 
at end-expiration while the patient is supine to allow for 
reproducibility, which is not an accurate assessment of 
patient’s hemodynamics during their daily activities (36). 
Repeat hemodynamic assessment is often performed to 
assess disease progression and response to therapy which 
does put the patient at increased risk for complications such 
as infection and there are no definite recommendations 
regarding the timing for repeat assessments. The European 
Society of Cardiology guidelines for the treatment of PAH 
list serial RHCs as a Class IIa indication, Level of Evidence 
C (37). Data from a survey from PH specialists recommend 
repeat invasive hemodynamic measurements between 6 
and 12 months after initiation of PAH-specific therapy and 
after changes in treatment (38). Though invasive, RHC is 
required for accurate diagnosis even though the readings 
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obtained are not by any means representative of ‘real-world’ 
hemodynamics of the lungs. There are various noninvasive 
modalities for hemodynamic assessments such as brain 
natriuretic peptide testing, cardiac magnetic resonance 
imaging (MRI), and echocardiography, and CardioMEMS. 

A meta-analysis in 2010 found six hemodynamic variables 
as markers of prognosis which include mean PA pressure, 
mean right atrial pressure, cardiac index, stroke volume 
index, peripheral vascular resistance, and mixed venous 
saturation (39). Although CardioMEMS was not designed 
to be specifically used as a management tool for PAH, it is 
the ongoing measurement of PA pressures that makes this 
device extremely valuable if the cardiac output could be 
derived from the sensor to calculate the total pulmonary 
resistance (40). It would allow for the same strategy used 
for titration of therapy applied for HF that could be applied 
to PAH treatment and guide PH therapy. Benza and 
colleagues performed a single center study investigating 
long-term pressure measurement and titration of therapy 
based on device interpretations showed that device guided 
therapy allowed for early recognition of optimal dosing 
when compared to the standard therapy and an enhanced 
cost saving due to lower drug dosing of up to $29,000 and 
minimalization of prostacyclin-related side effects. They 
also showed that there was decreased risk due to lower 
need for RHC (41). Similarly, agreement between the HF 
sensor and RHC for systolic, diastolic, and mean PAPs has 
been shown to be excellent, with correlation coefficients 
of 0.94, 0.85, and 0.95, respectively (all P<0.0001) in a 
small study with 17 patients (38). A significant correlation 
of 0.90 was observed for the PA pressure measurement 
between CardioMEMS and Swan Ganz catheter (42). 
With CardioMEMS having the capability to accurately 
measure PA pressure as compared to RHC, it seems to 
be a safe, continuous alternative monitoring method in 
patients with PAH when compared to repeated invasive 
means of measurement of hemodynamic parameters with 
RHC, which can lead to higher rates of complications. In a 
subgroup analysis of the CHAMPION trial in patients with 
HF and World Health Organization group II PH showed 
that patients with HF without PH were at significantly 
lower risk for mortality than those with PH. In addition, 
PAP data knowledge and utilization in patients with and 
without PH lead to reduction in HF hospitalizations (43). 

Noninvasive PA pressure monitoring by CardioMEMS 
can provide valuable data to physicians treating PAH 

which can vital when assessing response to therapy and 
modifying treatment. This can lead to earlier discovery 
of non-effective treatment therapies and overhaul of 
treatment if indicated or it can lead to lowest effective 
dose determination, which in turn translates into lower 
cost for the patient and lower likelihood side effects due 
to medication. By the same token, it also allows for lower 
number of necessary RHC and provision of a continuous 
cost-effective means of monitoring. The leading cause 
of mortality in PAH is eventual RV failure as a direct 
consequence of chronic pressure overload due to elevated 
lung pressures. One of the limitations of CardioMEMS 
device is the inability to measure right atrial and RV 
pressures as well as giving a good cardiac output estimate. 
This may limit its hemodynamic parameter assessment 
outside of PA pressure, but rising PA pressures should 
prompt titration or assessment of therapy. In addition, 
CardioMEMS can collect data continuously independent 
of the activity that the patient is undertaking as compared 
to the current gold standard which only obtains data in 
a resting state; thus, possibly provide more information 
regarding lung hemodynamics. In the future iterations 
of the device, the possibility of ability to record more 
hemodynamic variables cannot be ruled out and seems very 
likely. Thus, CardioMEMS can serve as a suitable indirect 
means of assessing pressure overload in patients with PAH. 

Conclusions

Due to the ever-growing increasing costs associated 
with health care admissions, findings solutions for better 
monitoring of chronic conditions presents a very viable 
option. In the recent years there has been a series of new 
devices created for this reason and CardioMEMS is one 
of the therapeutic monitoring options. CardioMEMS 
has shown to be effective in prevention and reduction of 
HF hospitalizations in patients with HFrEF and HFpEF. 
It has been shown to be great option for hemodynamic 
monitoring in different locations such as aneurysms 
and atrial appendage. It is this versatility that makes 
CardioMEMS a great option for PAH monitoring to 
avoid the need for repeated cardiac catheterization. This 
application can also lead to easier monitoring of medication 
management in these patients and worth an investigation. 
With future iterations of this device and updates collection 
of more data points seems a very viable option and one that 
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can be of great impact in the future. 
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