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ABSTRACT

Background and Objectives: Real-world clinical data, outside of clinical trials and expert 
centers, on adverse events related to the use of SyncCardia total artificial heart (TAH) remain 
limited. We aim to analyze adverse events related to the use of SynCardia TAH reported to the 
Food and Drug Administration (FDA)’s Manufacturers and User Defined Experience (MAUDE) 
database.
Methods: We reviewed the FDA’s MAUDE database for any adverse events involving the use of 
SynCardia TAH from 1/01/2012 to 9/30/2020. All the events were independently reviewed by 
three physicians.
Results: A total of 1,512 adverse events were identified in 453 “injury and death” reports in 
the MAUDE database. The most common adverse events reported were infection (20.2%) and 
device malfunction (20.1%). These were followed by bleeding events (16.5%), respiratory failure 
(10.1%), cerebrovascular accident (CVA)/other neurological dysfunction (8.7%), renal dysfunc-
tion (7.5%), hepatic dysfunction (2.2%), thromboembolic events (1.8%), pericardial effusion 
(1.8%), and hemolysis (1%). Death was reported in 49.4% of all the reported cases (n=224/453). 
The most common cause of death was multiorgan failure (n=73, 32.6%), followed by CVA/other 
non-specific neurological dysfunction (n=44, 19.7%), sepsis (n=24, 10.7%), withdrawal of sup-
port (n=20, 8.9%), device malfunction (n=11, 4.9%), bleeding (n=7, 3.1%), respiratory failure 
(n=7, 3.1%), gastrointestinal disorder (n=6, 2.7%), and cardiomyopathy (n=3, 1.3%).
Conclusions: Infection was the most common adverse event following the implantation of 
TAH. Most of the deaths reported were due to multiorgan failure. Early recognition and man-
agement of any possible adverse events after the TAH implantation are essential to improve the 
procedural outcome and patient survival.

Keywords: Total artificial heart; Heart failure

Int J Heart Fail. 2024 Apr;6(2):76-81
https://doi.org/10.36628/ijhf.2023.0020
pISSN 2636-154X·eISSN 2636-1558

Original Article Adverse Events in Total Artificial 
Heart for End-Stage Heart Failure: 
Insight From the Food and Drug 
Administration Manufacturer and User 
Facility Device Experience (MAUDE)

Received: Mar 20, 2023
Revised: Aug 17, 2023
Accepted: Sep 9, 2023
Published online: Sep 18, 2023

Correspondence to
Justin Z Lee, MD
Department of Cardiovascular Medicine, 
Cleveland Clinic, 9500 Euclid Avenue, Cleve-
land, OH 44195, USA.
Email: LEEJ67@ccf.org

© 2024. Korean Society of Heart Failure
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted noncommercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

Min Choon Tan , MD1,2, Yong Hao Yeo, MBBS3, Jia Wei Tham, MBBCh4,  
Jian Liang Tan, MD5, Hee Kong Fong, MD6, Bryan E-Xin Tan , MD7, Kwan S Lee, MD1,  
and Justin Z Lee, MD8

1Division of Cardiovascular Medicine, Mayo Clinic Arizona, Phoenix, AZ, USA
2 Department of Internal Medicine, New York Medical College at Saint Michael’s Medical Center, Newark, 
NJ, USA

3Department of Internal Medicine, Beaumont Health, Royal Oak, MI, USA
4Perdana University-Royal College of Surgeons in Ireland, Kuala Lumpur, Malaysia
5Division of Cardiovascular Medicine, Hospital of the University of Pennsylvania, Philadelphia, PA, USA
6Division of Cardiovascular Medicine, UC Davis Medical Center, Sacramento, CA, USA
7Department of Internal Medicine, Rochester General Hospital, Rochester, NY, USA
8Division of Cardiovascular Medicine, Cleveland Clinic, Cleveland, OH, USA

http://crossmark.crossref.org/dialog/?doi=10.36628/ijhf.2023.0020&domain=pdf&date_stamp=2023-09-18
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://orcid.org/0000-0002-7682-8934
https://orcid.org/0000-0002-1175-1905


INTRODUCTION

Heart failure is a common disease among the United States (U.S.) 
population, and the prevalence is projected to increase by 46% 
in 2030.1) Despite advances in the medical management of heart 
failure, many patients with end-stage heart failure end up requir-
ing a heart transplant.2) The wait time for a heart transplant could 
be long, and up to 40% of adults on the heart transplant waitlist 
failed to receive the heart in the first year.3) A recent retrospective 
cross-sectional study by Bakhtiyar et al.4 revealed that 36.1% of pa-
tients who were on the heart transplant waitlist died within the first 
year. Hence, mechanical circulatory support devices such as ven-
tricular assist devices and total artificial heart (TAH) may serve as a 
bridge to heart transplant in end-stage heart failure patients or as a 
destination therapy for certain groups of patients. While TAH may 
remain a less common choice among those listed for heart trans-
plantation, the percentage of TAH recipients that survived and re-
ceived heart transplantation was as high as 85.9%.5) However, the 
data on adverse events related to the use of SynCardia TAH outside 
of clinical trials and expert centers are limited. Our study aims to 
describe the adverse events associated with the use of TAH report-
ed to the Food and Drug Administration (FDA) Manufacturers and 
User Defined Experience (MAUDE) database.

METHODS

The MAUDE database is a publicly available database regulated 
by the FDA. Mandatory (user facilities, manufacturers, and dis-
tributors) and voluntary (health care professionals, patients, and 
customers) will report suspected device-related issues (includ-
ing adverse events, injuries and deaths) to the database. FDA will 
monitor the collection and make necessary corrections to the 
device-related safety issue. Each adverse event report contains 
the following information: device name, manufacturer name, 
event type (malfunction, injury, or death), report date; and hu-
man-written event description and manufacturer narrative fields. 
This valuable database offers important insights on incidents 
that affect patient safety in real world settings. These data are 
de-identified, neither informed consent nor institutional board 
review was required to access the data. Although this database 
cannot determine the standard event rates, it offers important in-
sight into the frequently encountered complications associated 
with the use of SynCardia TAH in the real-world setting.

We queried the database for any available adverse events associated 
with the use of SynCardia TAH which were reported in the catego-
ry of “injury” and “death” from January 2012 through September 
2020. All the adverse events were reviewed independently by two 

physicians. In case of disagreement, a third physician casts the de-
ciding vote. All the events that represented complications during or 
after TAH implantation and resulted in adverse patient outcomes 
were considered for further analysis. Duplicate submissions or data 
were excluded from the report. All the relevant adverse events were 
analyzed and reported as counts and percentages.

RESULTS

There were a total of 469 ‘injury and death’ reports related to the 
use of SynCardia TAH in the MAUDE database between January 
2012 and September 2020. Sixteen reports were excluded be-
cause of duplication or incomplete data. After further analyzing 
the reports in detail, there were 1512 adverse events reported in 
relation to the use of SynCardia TAH device. The most common 
adverse event reported to MAUDE during our study period was 
infection (n=306, 20.2%) (Table 1). Pulmonary infection was 
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Table 1. Adverse events following the implantation of total artificial heart
Adverse events No. (%)
Infection 306 (20.2)

Pulmonary infection 101
Bacteremia 36
Gastrointestinal infection 31
Device-related infection 25
Mediastinal infection 17
Fungemia 12
Non-specified infection 84

Device malfunction 304 (20.1)
Freedom driver-related 44
Line-related 27
Non-specified/Device thrombosis 233

Bleeding events 249 (16.5)
Respiratory failure 152 (10.1)
Neurological dysfunction 132 (8.7)

Cerebrovascular accident 110
Non-specified neurological dysfunction 22

Renal dysfunction 114 (7.5)
Hepatic dysfunction 34 (2.2)
Other thromboembolic events 27 (1.8)

Venous thromboembolism 12
Arterial thromboembolism (non-CVA) 8
Non-specified thromboembolism 7

Pericardial effusion 27 (1.8)
Hemolysis 15 (1.0)
Others 152 (10.1)

Wound dehiscence 9
Hypertensive events 4
Pulmonary edema 2
Anastomotic leak 1
Arrhythmia 1
Abdominal migraine 1
Non-specified 134

Total 1,512 (100.0)
CVA = cerebrovascular accident.



the most common infection among all the infectious events 
(n=101/306, 33%), followed by bacteremia (n=36/306, 11.8%), 
gastrointestinal infection (n=31/306, 10.1%), device-related 
infection (n=25/306, 8.2%), mediastinal infection (n=17/306, 
5.6%), and fungemia (n=12/306, 3.9%). Device malfunctioning 
was the second most common adverse event reported (n=304, 
20.1%), and they included device thrombosis, driveline discon-
nection, driver failure, fault alarms, small air leaks, and others. 
The annual number of device malfunctioning is illustrated in 
Supplementary Figure. The third most common adverse event 
was bleeding (n=249, 16.5%), followed by respiratory failure 
(n=152, 10.1%), cerebrovascular accident (CVA)/other non-spe-
cific neurological dysfunction (n=132, 8.7%), renal dysfunction 
(n=114, 7.5%), hepatic dysfunction (n=34, 2.2%), pericardial ef-
fusion (n=27, 1.8%), other thromboembolic events (n=27, 1.8%), 
and hemolysis (n=15, 1.0%). Other few reported adverse events 
were wound dehiscence (n=9), hypertensive events (n=4), pul-
monary edema (n=2), anastomotic leak (n=1), arrhythmia (n=1), 
abdominal migraine (n=1), and other nonspecific adverse events. 
Table 2 depicts the timing of those adverse events among the re-
ported TAH patients.

Death was reported as an end-result in 49.4% of all the report-
ed patients (n=224) during our study period. Figure 1 depicts the 
major causes of death in our analysis. The most common cause 
of death was multiorgan failure (n=73, 32.6%), followed by CVA/
other non-specific neurological dysfunction (n=44, 19.7%), 
sepsis (n=24, 10.7%), withdrawal of support (n=20, 8.9%), device 
malfunction (n=11, 4.9%), bleeding (n=7, 3.1%), respiratory fail-
ure (n=7, 3.1%), gastrointestinal disorder (n=6, 2.7%), and car-
diomyopathy (n=3, 1.3%). The other causes of death (n=2, 0.9%) 
included disseminated intravascular coagulation and pulmonary 
embolism. Figure 2 demonstrates the annual adverse events re-
ported to MAUDE database from 2012 to 2020.

DISCUSSION

Our study revealed that 1) infection was the most common ad-
verse events reported to the MAUDE database, followed by device 
malfunction; and 2) death occurred in close to half of the ‘injury 
and death’ reports, with multiorgan failure and CVA or other 
neurological dysfunction being the leading causes of death. Our 
analysis results are in line with the study by Copeland et al.6) 
and Razumov et al.7) which revealed that infection was the most 
common adverse events reported and multiorgan failure was the 
main cause of death post-TAH implantation.

Several studies have shown that post-implantation infection 
can occur in up to 85% of TAH patients.6,8) Among all the infec-
tious events, pulmonary infection (33%) was the most frequently 
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Table 2. Timing of adverse event from total artificial heart implantation
Adverse events Median, day Interquartile range, day
Early onset (median 30 days)

Renal dysfunction 7 17
Respiratory failure 9 15
Thromboembolic events 9 45
Pericardial effusion 11 6
Neurological dysfunction 14 39
Bleeding events 15 27
Infection 20 51
Hepatic dysfunction 20 20

Late onset (median >30 days)
Hemolysis 92 243
Device malfunction 95 157

Causes of death

32%

20%11%

9%

5%

3%
3%

3%

1%
1% 12% Multiorgan failure

Neurological dysfunction
Sepsis
Withdrawal of support
Device problem
Bleeding
Respiratory failure
Gastrointestinal disorder
Cardiomyopathy
Other
Unclear

Figure 1. Causes of death reported to Manufacturers and User Defined 
Experience after total artificial heart implantation.
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Figure 2. The annual adverse events reported to Manufacturers and User Defined 
Experience after total artificial heart implantation during the study period.



reported infection. A retrospective study by Roussel et al.8) sug-
gested that the extended stay in the intensive care unit after TAH 
implantation might predispose the patients to infection, espe-
cially pneumonia. A short-term outcome (1-month post-TAH 
implantation) study by Chambers et al.9) showed that bacteremia 
and driveline infections were the two most common types of in-
fectious events within one month of TAH implantation. Further 
research is needed to determine and develop multi-faceted ap-
proaches to help lower the infection risk. This may include phar-
macological methods like appropriate prophylactic antibiotics 
and non-pharmacological measures such as minimizing venti-
latory support, appropriate selection of TAH recipient, careful 
respiratory care, and early mobilization.10,11)

The second most common adverse event in our analysis was 
device malfunction. Device malfunction has been reported com-
monly after TAH implantation.12,13) The approval of Freedom 
Portable Driver System by FDA in 2014, a portable device that 
could provide pneumatic power to TAH, has been associated with 
many of the device malfunction reports. In our analysis, a change 
of external drive to a hospital drive was required in many device 
malfunction reports. An increase in the annual number of device 
malfunctioning reports especially after 2014 has further validated 
it. A study by Arabia et al. suggested that the high device malfunc-
tion rate within the first two years post-TAH implantation was 
due to frequent Freedom driver changes.12) Another mechanism of 
device malfunction proposed by Demondion et al.14) revealed that 
shear stress on the driveline device during patient mobility could 
result in air leaks on the pneumatic pipeline. Other relatively un-
common malfunction events include membrane rupture, device 
thrombosis, and valve dysfunction.8,15,16)

The bleeding event, which has been reported as one of the most 
common adverse events post-TAH implantation in existing lit-
eratures, was the third most common adverse event reported in 
our analysis.6,16,17) The incidence of bleeding was reported to be 
21–62% in several retrospective studies.6,16,17) The common sites 
of bleeding included intracranial, gastrointestinal, and mediasti-
nal. A study suggested that dysfunction of the liver, renal failure, 
and anti-coagulant therapy in TAH patients predispose this pa-
tient population to bleeding events.18) While some bleeding cases 
were managed conservatively, a substantial number of cases re-
quired surgical intervention.6,16,17)

Death occurred in 49.4% of all the ‘injury and death’ reports. 
Multiorgan failure was the most common cause of death, 
which accounted for 32% of total deaths. In a retrospective 
study by Arabia et al.,12) 80% of the patients were either in crit-
ical cardiogenic shock status (INTERMACS profile 1) or in 

progressive decline status despite the intravenous inotropic sup-
port (INTERMACS profile 2) prior to TAH implantation.19) A mul-
ticenter study by Carrier et al.13) revealed that up to 20% of liver 
dysfunction and 32% of renal dysfunction did not improve from 
TAH support. Study has suggested that poor preoperative status 
and irreversible preimplant multiorgan failure were responsible 
for the majority of deaths in TAH recipients.16 Worse preimplant 
conditions would result in a relatively poorer prognosis.20) With 
the findings of our analysis where multiorgan failure remained 
the most common cause of reported deaths, it is thus crucial to 
select the appropriate TAH recipient prior to implant to optimize 
the post-implant outcomes. These also emphasize the need for 
multidisciplinary collaboration for optimum post-implant care, 
which may include close and frequent monitoring with a lower 
threshold for other interventions like hemodialysis.

Neurological events (both CVA and non-specific neurological 
dysfunction) accounted for 20% of the reported deaths in our 
analysis, and this was the second most common cause of death. 
Several studies have suggested that CVAs may occur in 7–22.7% 
of the patients post-TAH implant.12,21) The prevalence of isch-
emic stroke (7.9–13.5%) was higher as compared to hemorrhagic 
stroke (7.9–10.2%) among the TAH patients.6,12) It was presumed 
that constant contact between the bloodstream and the foreign 
body of SynCardia TAH may predispose a person to a pro-inflam-
matory state, which subsequently activated the coagulation cas-
cade and thrombus formation. This may increase the bleeding 
risk and CVA events despite the appropriate use of anticoagula-
tion.22) While there is no definite consensus on antithrombotic 
regimens among experts, multi-disciplinary and multi-targeted 
anti-thrombotic therapy has been suggested to mitigate the pro-
thrombotic state of TAH recipients and reduce the risk of CVA.23-25)

The TAH remains a bridge to heart transplantation given the lim-
ited number of available heart donors.26) While there have been 
studies suggesting the predictors such as baseline functional 
status, neurological disease, and dependence on a ventilator 
which affected the risk of mortality after TAH implantation,5,27) 
a careful and more individualized patient selection prior to TAH 
implantation is crucial to improve the procedural outcomes and 
patient survival.28)

Firstly, the MAUDE database is a collection of voluntarily (albeit 
mandatory) reported data on procedures performed with specific 
devices, therefore the data collected are likely to be incomplete, 
and the actual “denominator” is unknown, which limits our ex-
ploration in the incidence of complications reported. Second, 
the reporting bias is likely to be present, with the life-threatening 
adverse events being reported more frequently as compared to 
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the minor adverse events, which might be underreported to the 
FDA’s MAUDE database. In addition, the adverse events might 
be underreported to a certain degree due to passive method of 
adverse events surveillance, and data on the individual level such 
as patients’ comorbidities and TAH implant center are not avail-
able, which limits our understanding in the causal relationship 
of these adverse events. Data on the timing of adverse event from 
TAH implantation was also not consistently available in all the 
reports. Lastly, there is a risk of over-reporting adverse events be-
cause the exclusion of duplicates cannot always be reliable due to 
the lack of identifiers such as personal health information and 
serial number.

Our study described the common adverse events and causes of 
death among the patients who received the SynCardia TAH de-
vices. The two most common adverse events reported to MAUDE 
after TAH implantation were infection and device malfunction. 
Death occurred in 49.4% of all the reported patients, with mul-
tiorgan failure and CVA or other neurological dysfunction being 
the leading causes of death. Early recognition and management 
of possible adverse events after the TAH implant are important 
to improve procedural outcomes and post-implantation survival.
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