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EDITORIAL

Primary Diagnoses and Relative Risk in 
Patients With Left Ventricular Assist Devices 
Visiting an Emergency Department in the 
United States
Martin Strueber , MD

Approximately 20 years ago, continuous flow left 
ventricular assist devices (LVADs) were intro-
duced into clinical practice.1 At that time, it was 

uncertain whether humans could live long term under 
conditions of pulseless arterial blood flow. Initially, 
these devices were intended as a bridge to heart 
transplantation for up to 180 days.2 Now, commonly, 
patients are supported for 10 years or longer, for des-
tination therapy.3

Long- term reliability of these devices and im-
proved quality of life during LVAD support have been 
well established. The question remains as to why this 
therapy is not used more frequently. According to es-
timates, there are about 400 000 patients in Europe 
and 300 000 in the United States with end- stage heart 
failure who are eligible for LVAD support.4 The number 
of LVAD implants has been rising— but to only 2500 
in Europe and 3000 in the United States per annum.5 
Access to LVAD therapy remains poor, and the adverse 
event profile of LVAD support may also limit wide-
spread use of the device. Even with the most modern 

LVAD system, within a prospective randomized trial, 
the rate of rehospitalization was 2.26 per patient year.6

In this issue of the Journal of the American Heart 
Association (JAHA), Edelson and coworkers analyzed 
3 years of data, comprising 44 000 emergency depart-
ment (ED) visits by patients with LVADs.7 This data set 
is substantial in size given the small number of LVAD 
implantations per year. Because the overall number of 
ED visits was 7.5 million, visits by patients with LVADs 
represent a small fraction. The authors propose a risk 
score to help the ED to assess the mortality risk of a 
given patient. The data presented provide remarkable 
insights into complications of LVAD therapies. The use-
fulness of the risk score needs evaluation in the future.

In the Edelson et al study, the primary diagnoses 
for ED visits were cardiac (21.5%), bleeding (19.4%), 
infections (12.5%), stroke (5.5%), and device com-
plications (4.2%). Most bleeding complications are 
caused by gastrointestinal (GI) bleeding. Continuous- 
flow pumps expose the blood to high shear forces 
that lead to a disruption of the large monomers of the 
von Willebrand factor.8 Many patients supported by an 
LVAD can develop acquired von Willebrand syndrome 
to varying degrees9 and are prone to the development 
of arteriovenous malformations throughout the entire 
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GI tract. Also, the low pulse pressure associated with 
continuous- flow LVAD support with preformation of 
arteriovenous malformations may aggravate the prob-
lem. For these reasons, GI bleeding requires blood 
transfusions in 12% of ED visits and is an important 
limitation of current continuous- flow devices. Because 
anticoagulation and platelet inhibition therapy disturb 
primary hemostasis, the use of such therapy in most 
patients with LVADs adds to the bleeding risk.

Management of GI bleeding is challenging because 
most GI bleeding sources are in the small bowel and 
may not be accessible by endoscopic means.10 If an 
experienced gastroenterologist is not available at the 
admitting hospital, this may require transfer of the pa-
tient to a different center. Cardiac as a primary ED diag-
nosis is surprising because a working LVAD supports 
the left ventricle. Ventricular arrythmia may play a role 
in the development of right ventricular failure, the most 
important predictor of long- term survival. Because a 
degree of right heart failure is prevalent in all patients 
with LVADs, volume overload and signs of kidney im-
pairment are hallmarks of this problem. Treatment of 
right heart failure in patients with LVADs may require a 
heart failure specialist to titrate medications for unload-
ing of the right ventricle, by reducing the overall vol-
ume load and optimizing the left ventricular unloading. 
These 2 complications (cardiac and bleeding) repre-
sent almost half of the ED visits, but they are associ-
ated with a lower risk compared with stroke and device 
malfunction.

All LVADs are associated with an increased risk of 
hemorrhagic or ischemic stroke. This diagnosis is as-
sociated with the highest mortality risk for an ED visit 
(odds ratio >19). However, it is encouraging that the 
number of ED visits for stroke is relatively low.

LVAD complications are rare but present another 
substantial mortality risk (odds ratio >10). The most 
frequent LVAD complications are ingestion of throm-
bus or problems with the integrity of the driveline. LVAD 
complications may require thrombolytic therapy, repair 
of driveline, or replacement of the device. Finally, infec-
tions of the driveline are typical adverse events of LVAD 
therapy and represent a substantial number of ED vis-
its (12.5%), with a medium mortality risk (odds ratio >5).

The primary diagnosis data of ED visits reflect the 
adverse event profile of LVAD therapy. It is remarkable 
that, on average, an ED visit is associated with a 3% 
mortality risk. This number seems quite robust, owing 
that the analysis involved data from 44  000 visits. 
Therefore, all ED visits should be managed with the 
utmost care and vigilance. Moreover, the leading pri-
mary diagnosis often requires the involvement of dif-
ferent specialists. The patient’s clinical pathways are 
quite different, depending on their diagnosis. Stroke 
requires different care than GI bleeding, and infections 
need treatment different than that for right heart failure.

An accurate diagnosis that is provided in a short time 
is the highest priority during an ED visit, because effec-
tive treatment of some adverse events is time sensitive. 
The ED visits by patients with LVADs may be challeng-
ing because the presence of an LVAD is associated with 
elevated risk once adverse events occur. The overall 
proportion of patients with LVADs in ED visits compared 
with all ED visits is small. This may pose a problem 
when ED staff are inexperienced with LVAD- associated 
adverse events. In these instances, connection to an 
experienced LVAD center may be especially important.

In the scenario where the ED staff lacks experience 
with LVAD- associate adverse events, it is questionable 
whether a general risk score may be helpful to the ED 
staff. The mortality risk assessment is dependent on 
the main diagnosis. Upon diagnosis, the seriousness 
of the adverse event is self- evident in most cases and 
the subsequent treatment pathway can involve other 
specialties associated with the primary diagnosis.

The adverse events described by Edelson et al 
are similar to events seen in early readmissions after 
LVAD placement.11 It would be interesting, if possible, 
to combine the data of ED visits and hospital readmis-
sions to acquire even more detailed information about 
real- life adverse event profiles of patients with LVADs. 
These findings elucidate the dilemma and limitation of 
contemporary LVAD therapy and provide future guid-
ance for improvement of next- generation devices. The 
avoidance of shear stress in the blood pathway and the 
creation of pulse may have a positive impact on pa-
tient support and avoid complications of acquired von 
Willebrand syndrome. New algorithms for pump speed 
control may allow for higher efficacy of left ventricular 
unloading and thereby protect right heart function. A 
fully implantable system without a driveline may avoid 
most infections.

In conclusion, the publication by Edelson et al pro-
vides a comprehensive overview of the prevalence and 
relative risk of major adverse events in patients with 
LVADs who visit the ED. Application by ED staff in the 
future may be needed to assess the usefulness of the 
proposed risk score.
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