
IJC Heart & Vasculature 30 (2020) 100617
Contents lists available at ScienceDirect

IJC Heart & Vasculature

journa l homepage: www. journals .e lsevier .com/ i j c -hear t -and-vascula ture
Patterns of emergency department utilization for LVAD patients
compared with non-LVAD patients
https://doi.org/10.1016/j.ijcha.2020.100617
2352-9067/� 2020 The Authors. Published by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author at: 1329 SW 16th Street, P.O. Box 100288, Gainesville, FL
32610-0288, United States.

E-mail address: mustafa.ahmed@medicine.ufl.edu (M.M. Ahmed).
Mohammad Al-Ani a, Sarah S. Gul b, Abhishek Khatri a, Muhammad Abdul Baker Chowdhury c,
Matthew Drabin c, Travis Murphy c, Brandon Allen c, Juan M. Aranda Jr. a, Juan Vilaro a, Eric I. Jeng d,
George J. Arnaoutakis d, Alex M. Parker a, Lauren E. Meece a, Mustafa M. Ahmed a,⇑
aDivision of Cardiovascular Medicine, University of Florida, Gainesville, FL, United States
bDepartment of Surgery, Baystate Medical Center, University of Massachusetts Medical School, Springfield, MA, United States
cDepartment of Emergency Medicine, University of Florida, Gainesville, FL, United States
dDivision of Thoracic and Cardiovascular Surgery, University of Florida, Gainesville, FL, United States

a r t i c l e i n f o
Article history:
Received 19 March 2020
Received in revised form 27 July 2020
Accepted 5 August 2020

Keywords:
Left ventricular assist device
Heart failure
Healthcare utilization
Cost
Hospitalization
a b s t r a c t

Background: Left ventricular assist device (LVAD) patients are vulnerable to over-utilization of resources.
Methods and results: We explored the pattern of emergency department (ED) presentations of LVAD
patients and their costs compared with non-LVAD heart failure patients. ED visits between 7/2008 and
7/2017 were reviewed to identify 145 LVAD patients, and 435 patients with known heart failure were
selected using propensity score matching for age and sex. ED evaluation metrics, hospitalization cost,
and length of stay (LOS) were analyzed. Although the most common ED presentations and their frequency
differed between groups, few were LVAD specific. LVAD patients were more likely to have taken personal
vehicles or be flown to the ED. They had similar times to triage, rooming, and physician evaluation com-
pared with non-LVAD patients. However, LVAD patients were noted to have a shorter time from physician
assessment to disposition (109.8 min vs. 177.0 min, p < 0.001) and, overall, LVAD patients had shorter ED
LOS (6.33 vs. 9.82 hrs, p = 0.0001). For patients admitted, no significant difference was found between
groups in hospital LOS (6.67 vs 6.58 days, p = 0.928) or total cost ($28,766 vs $21,524, p = 0.087).
Conclusion: Shorter disposition times without increases in LOS or costs may identify a created healthcare
disparity among LVAD patients.

� 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Patients with end-stage heart failure (HF) are increasingly
implanted with left ventricular assist devices (LVADs) as a bridge
patients to transplantation (BTT) or as long-term therapy for those
who are not candidates for transplantation (destination therapy,
DT). This has resulted in a tremendous reduction in mortality
advantage, with 1-year survival now >80% regardless of device
type [1]. Despite advancements in survival, these devices are com-
monly associated with complications including bleeding, infection,
stroke, and device malfunction. As the median life expectancy after
LVAD implantation continues to increase, with 55% survival at
48 months on device support in the most recent registry analysis,
the hazard of LVAD-specific complications will continue to be bur-
densome [2]. Therefore, how these patients interface with the
medical system, and in particular their need for urgent and emer-
gent care, is an issue of increasing importance.

Emergency department (ED) utilization by LVAD patients has
emerged as a unique aspect of emergency medicine. The presence
of an LVAD may lead to a form of framing bias wherein providers
fixate on the LVAD to the neglect of non-LVAD related chief com-
plaints. Therefore, the presence of an LVAD potentially represents
a created healthcare disparity that may affect provider attention,
alter established practice patterns, and result in misuse of health-
care resources. In this study, we review the pattern of ED presen-
tations of LVAD patients, metrics of their ED evaluation, and the
respective cost of hospitalizations compared with those of non-
LVAD HF patients.
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2. Methods

2.1. Overview

This is a retrospective, observational study of clinical data in the
electronic medical records of HF patients presenting to our institu-
tion’s academic ED.

2.2. Study design

The study population included adults aged �18 years with an
ED encounter between July 2008 and July 2017. Utilizing ICD9
and ICD 10 codes, our institution’s Integrated Data Repository
(IDR) identified HF patients (ICD9 428 and ICD10 I50) as well as
those with an LVAD (ICD9 V43.21 and Z95.811). Using a propensity
score logistic regression model for age and sex, every LVAD patient
was matched to 3 non-LVAD patients as randomly selected by the
computer from a pool of HF patients (mismatch tolerance 0). ED
triage metrics and total hospitalization cost were collected and
analyzed. Repeated ED visits by the same patient were treated as
separate cases. Direct hospital–to–hospital transfers were not
included, unless it was an ED–ED transfer.

2.3. Human subjects protection

This study was approved by our Institutional Review Board,
which waived the requirement of informed consent as the analysis
included only de-identified data.

2.4. Settings and population

The ED houses 70 beds with an annual volume over 110,000
patient visits. Our institution serves as a regional LVAD implant
center with an average annual implant volume of 35 LVADs, with
a hotline available for LVAD patients to contact an on-call certified
LVAD provider at any time. All LVAD patients, by protocol, are seen
in clinic within 72 h of implant discharge, at 1 week, 4 weeks, and
if stable, at 3-month intervals thereafter. At the time of analysis,
our LVAD program was managing 90 ambulatory out-patient
LVADs. The hospital is a level 1 trauma and critical care center,
serving as a regional quaternary receiving center for transplant,
trauma, burn, and complex critically ill patients.

2.5. Data collection

Baseline demographics including age at encounter, sex, race,
and ethnicity were retrieved from electronic medical records of
included patients. ED encounter variables such as chief complaint,
diagnosis, and disposition were obtained. ED evaluation metrics
included time-to-room, time-to-MD, and total ED LOS. Addition-
ally, for admitted patients, hospital LOS, hospital disposition, and
total cost of hospitalization were extracted. Data regarding past
medical history, previous number of ED encounters and hospital-
izations, current medications, and ED interventions during this
encounter (including results of labs and imaging) were abstracted
by a team of four physicians. After initial data extraction, two indi-
viduals, a fellow and research associate, examined abstracted
records for inaccuracies.

2.6. Outcomes of interest

ED measures of health utilization metrics were grouped into
three categories. The first category described the pattern of clinical
presentation including mode of transfer, and chief complaint. The
second examined timeliness of ED evaluation, which included time
from arrival to room, physician assessment, ED disposition orders,
and total ED LOS. The third category compared groups by rates of
admissions from the ED, in-patient length of stay (LOS) and total
cost of the hospital encounter.

2.7. Statistical analysis

All clinical data were extracted from the REDCap (Research
Electronic Data Capture, University of Florida, Gainesville, FL) to
Stata (StataCorp. 2017. Stata Statistical Software: Release 15. Col-
lege Station, TX: StataCorp LLC). Descriptive statistics (means, fre-
quencies, and percentages) and inferential tests (the independent t
test, Chi-square test, and Fisher exact test) were used to examine
the relationships between the outcome variable and the covariates.
All p-values were from two-sided tests, and results were deemed
statistically significant at P < 0.05.
3. Results

One-hundred forty-five LVAD patient visits were discovered,
and using a dataset of 9461 HF patient visits without the presence
of an LVAD, a propensity score using logistic regression model for
age and sex was conducted for each patient. Each visit was
matched in a ratio of 1:3 to ED encounters for non-LVAD HF
patients (HF group), providing a total cohort of 580. Population
demographics are presented in Table 1. Mean duration of LVAD
support was 2 years. Ninety one percent had a HeartMate II device,
with all others being supported with a HeartWare HVAD, with 66%
of patients being destination therapy. The vast majority of both
groups presented to the ED from home, however the route of trans-
portation differed significantly with more LVAD patients being
transported via air (5.48% vs 1.38%, p < 0.001). Additionally, while
the distribution of chief complaints differed between groups, the
predominance of presentations to the ED in the LVAD group was
not readily attributable to their device. LVAD patients were noted,
however, to have a higher incidence of bleeding or altered menta-
tion bringing them to the ED, to which their device may have con-
tributed (Table 1). Of note, no patients in the LVAD group required
any surgical interventions as a result of their ED presentation.

The results of the primary outcome analysis examining the
timeliness of ED evaluation are shown in Table 2. Time from arrival
at the ED to triage did not significantly differ between groups.
There was a trend toward more expedient rooming and physician
assessment in the LVAD group (p = NS). However, after being
assessed by an ED physician, the LVAD group had a significantly
shorter time to disposition (admission or discharge, 109.8 min vs
177.0 min, p < 0.001). Overall, LVAD patients had significantly
shorter ED lengths of stay than propensity matched HF patients
(6.33 hrs vs 9.82 hrs, p = 0.0001). For those patients admitted to
the hospital, there was no difference in hospital LOS, and while
there was a trend toward higher cost in the LVAD group, this differ-
ence was not statistically significant (Table 2).

The nature of ED evaluations and specific resource utilization is
shown in Fig. 1. While LVAD patients were more likely to be given a
blood transfusion in the ED, overall, the LVAD group was more
likely to have no interventions or testing ordered in the ED
(p < 0.001).
4. Discussion

In this study, LVAD patients presented to the ED for a variety of
reasons, largely unrelated to the LVAD device itself. In our cohort,
only 5.48% of LVAD patients presented to the ED with a device
complication or LVAD alarm. Broadening this definition to include
bleeding and stroke, known complications of continuous-flow



Table 1
Patient characteristics.

Characteristics Heart failure, (n = 435) LVAD (n = 145) Total (n = 580) p-value

Age in years, mean (SD) 57.29 (14.27) 57.53 (14.16) 57.35 (14.23) 0.858
Race, n (%)
White 260 (59.8) 104 (71.23) 364 (62.76) 0.014
African American 148 (34.10) 28 (19.18) 176 (30.34) 0.010
Other 26 (5.99) 14 (9.59) 40 (6.90) 0.562

Sex, n (%) 0.914
Women 88 (20.28) 29 (19.86) 117 (20.17) 0.99
Men 346 (79.72) 117 (80.14) 463 (79.83) 0.99

Prior Location (before coming to ED)
Home 309 (72.03) 102 (70.34) 411 (71.60) 0.759
Skilled nursing facility 28 (6.53) 3 (2.07) 31 (5.40) 0.053
Long-term acute care facility 5 (1.17) 1 (0.69) 6 (1.05) 0.063
Public place 33 (7.69) 9 (6.21) 42 (7.32) 0.562

Unknown 15 (3.50) 0 15 (2.61) 0.016
ED-ED transfer 39 (9.09) 30 (20.69) 69 (12.02) <0.001

Route to ED
Ambulance 238 (54.84) 53 (36.3) 291 (50.17) <0.001
Personal vehicle 160 (36.87) 71 (48.63) 231 (39.83) 0.012
Air 6 (1.38) 8 (5.48) 14 (2.14) 0.005
Others 30 (6.91) 14 (9.59) 44 (7.59) 0.291

Chief complaint
Altered mentation, fatigue, malaise, headache/ dizziness, falls 65 (14.98) 35 (23.97) 100 (17.24) 0.013
Musculoskeletal pain, trauma 37 (8.53) 7 (4.79) 44 (7.59) 0.141
Abnormal vitals/labs 19 (4.38) 9 (6.16) 28 (4.83) 0.317
LVAD alarm 0 8 (5.48) 8 (1.38) <0.001
Fever 12 (2.76) 8 (5.48) 20 (3.45) 0.101
Bleeding 6 (1.38) 17 (11.64) 23 (3.97) <0.001
Dyspnea, cough, or wheezing 109 (25.12) 18 (12.33) 127 (21.9) 0.001
Chest pain / discomfort 67 (15.44) 17 (11.64) 84 (14.48) 0.260
Abdominal pain, vomit 54 (12.44) 16 (10.96) 70 (12.07) 0.634
Stroke 10 (2.3) 3 (2.05) 13 (2.234) 0.86
Others 51 (11.75) 7 (4.79) 58 (10.0) 0.009

ED = emergency department, LVAD = left ventricular assist device.
p-values for categorical variables are calculated using Chi-square or Fisher’s exact test.

Table 2
Emergency Department (ED) and hospitalization metrics.

Characteristics Heart failure, n (%) LVAD, n (%) Total, n (%) p-value

Total Time to Triage (minutes) 21.20 (210.13) 29.30 (238.79) 23.26 (217.59) 0.6994
Total Time to Room (minutes) 73.4 (238.22) 42.99 (242.68) 65.69 (239.51) 0.1853
Total Time to physician (minutes) 97.27 (239.90) 51.77 (243.36) 85.95 (241.36) 0.0506
Total Time from physician to disposition (minutes) 177.0 (142.77) 109.82 (109.65) 160.41 (138.33) <0.001
ED Decisions 0.08
Admit 344 (79.81) 126 (87.50) 470 (81.70) 0.061
Discharge 76 (17.63) 18 (12.5) 94 (16.35) 0.142
Left against medical advice 10 (2.32) 0 10 (1.74) 0.064
Other 1 (0.23) 0 1 (0.17) 0.99

ED length of stay (h), mean (SD) 9.82 (10.24) 6.33 (6.16) 8.94 (9.50) 0.0001
Hospital length of stay, mean (SD) 6.58 (10.94) 6.67 (8.04) 6.61 (10.28) 0.928
Hospitalization charges in USD (median) 21524.25 28766.95 23304.1 0.087

LVAD = left ventricular assist device.
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LVADs, still accounts for fewer than 1 in 5 LVAD ED presentations.
This pattern is similar to that described previously in the literature,
and is likely a manifestation of 24-hour care provided by the LVAD
team and coordinators at our center and many others, which can
facilitate expedited direct admission to LVAD trained units for sus-
pected device-related complications and malfunctions [3–5]. The
overall admission rate from the ED in our study is similar to those
of prior evaluations, suggesting that the overwhelming majority of
LVAD presentations to the ED result in admission [5,6].

Of more interest, LVAD patients who presented to the ED had
significantly shorter times from physician assessment to disposi-
tion, and an overall shorter ED LOS. When reviewed with the find-
ing that those patients who were ultimately admitted had no
significant difference in their hospital LOS or charges, the shorter
times in the ED suggest that LVAD patients may be prioritized over
non-LVAD patients, despite having similar degrees of illness. While
shorter times to admission could be explained by the early involve-
ment of the LVAD team upon patient presentation to the ED, the
observation that rates of admission to the hospital did not differ
between LVAD and non LVAD patients argues against this. The
shorter time from ED physician assessment to disposition noted
in LVAD patients, taking into account that almost 90% of themwere
admitted, may simply highlight a lower threshold to admit LVAD
patients irrespective of their presenting complaint or ED workup.
This threshold may be related to a higher perceived complexity
of patients with LVADs by virtue of the device itself which may dis-
suade emergency care providers from discharging patients even
when a clear indication for admission has not been established.



Fig. 1. Emergency department resource utilization. *indicates p < 0.05. BiPAP = bilevel positive airway pressure, CPAP = continuous positive airway pressure, CT = computed
tomography, IV = intravenous, LVAD = left ventricular assist device.
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This concept is supported by the observation that fewer interven-
tions and tests were ordered for LVAD patients as compared to
matched HF patients, regardless of presentation.

LVAD patients utilized air transport at a significantly higher rate
than non-LVAD patients. ED-to-ED air transport is a costly health-
care resource generally utilized to minimize delay in critical situa-
tions that need immediate life-saving measures that cannot be
provided at the sending facility. The higher rate of air transport uti-
lization in the LVAD group was noted despite propensity score
matching, with no difference in LOS or hospital charges to suggest
a higher level of acuity in the LVAD group compared with the non-
LVAD group. We speculate that an overall sense of unfamiliarity
with LVADs in community EDs may lead to inappropriate utiliza-
tion of resources, including inappropriate use of air transport.
While this overutilization of resources may be understandable it
suggests a need for LVAD patients to have a more direct and
cost-effective pathway to the appropriate healthcare setting (i.e.,
direct admission to LVAD trained units, or units trained with LVAD
credentialed providers). Guidelines for the emergent treatment
and prehospital care of LVAD patients that are hemodynamically
unstable are available for reference, along with more-detailed
reviews of emergency LVAD care targeted to ED physicians [7–9].
Given the growing number of patients with LVADs, these resources
are likely invaluable for emergency providers who do not care for
LVAD patients on a daily basis. The recently published joint con-
sensus statement from the Heart Failure Society of America, Soci-
ety of Academic Emergency Medicine, and International Society
of Heart and Lung Transplantation also provides an excellent over-
view for the management of a myriad of LVAD related complica-
tions, in both the pre-hospital and ED settings [10]. Of note,
these publications do not provide specific guidance as to the triage
and optimal management of LVAD patients presenting with non-
LVAD related chief complaints, which appear to represent the
majority of emergency department visits. Our analysis did not
adjudicate the appropriateness or admission or treatment for pre-
senting LVAD patients, but they do suggest a bias toward admis-
sion regardless of acuity. Further exploration of the reasons for
this bias maybe warranted to avoid misutilization of resources.
In addition to continued efforts to improve LVAD awareness and
competency across healthcare providers, we suggest a care algo-
rithm that emphasizes use of LVAD clinic assessments for less-
urgent issues to avoid unnecessary and possibly inefficient, health-
care utilization in the ED (Fig. 2). Such an algorithm would favor
routing potential LVAD device related complications for direct
admission to an LVAD implant center, reserving ED care for only
select cases where high acuity and complex multidisciplinary care
is required, with management and potential transfer from remote
EDs addressed in a collaborative fashion under the direction of the
LVAD team. Adherence to such an algorithm, however, will depend
on the willingness and knowledge of LVAD patients to call the
available hotline for triage prior to presentation. Therefore, future
investigations should examine how many of the LVAD patients
presenting to the ED were able to contact the LVAD team before-
hand. It may also be useful to examine the relationships between
LVAD patient characteristics (e.g. socioeconomic status, caregiver
presence, and distance from LVAD center) and ED utilization rates,
to determine ways in which education or remote management
may be structured to best meet patient’s individual needs. Addi-
tionally, increased utilization of digital health and telemedicine
tools, such as HIPAA compliant smartphone applications which
allow real time two-way communication, may assist in patient
triage and the development of these robust algorithms. These plat-
forms could also allow for better remote consultation and collabo-
rations with outlying EDs. As such tools evolve in their capacities
and capabilities, they may play an important role in reducing
avoidable ED visits and aid in cost control.

The focus on out-patient care optimization, ED utilization, and
by extension hospital admissions is paramount if LVAD therapy
is to become more cost effective. While estimates of the true incre-
mental cost-effectiveness ration (ICER) and quality-adjusted life-
years (QALY) vary due to the heterogeneous nature of LVAD
patients, readmission rates and out-patient expenses are a key dri-
ver of cost. One recent analysis demonstrates that were outpatient
costs to be decreased by 50% and readmission rates reduced by 1
per-patient year, the impact was dramatic resulting in greater than
50% improvement in ICER per QALY gained [11]. This provides



Fig. 2. Proposed LVAD care algorithm. ED = emergency department, ICD = implantable cardioverter-defibrillator, LVAD = left ventricular assist device.
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additional incentive for LVAD care teams to avoid hospital admis-
sions, while also developing more robust and efficient out-patient
protocols and algorithms. While the aforementioned analysis does
establish a benchmark for monthly outpatient costs for LVAD care
at less than $3000, slightly less than pre-LVAD costs, a detailed cost
analysis which takes into account reimbursement and the staffing
models needed to maintain 24-hour LVAD care has yet to be com-
pleted. Furthermore, the variability of outpatient algorithms likely
affect ED utilization, hospitalizations, and costs and similarly have
not been studied. In addition to the suggested algorithms, such
investigations are needed to optimally guide patient care while
improving cost effectiveness of LVAD therapy.

4.1. Limitations

This is a single-center retrospective study, and we were only
able to capture ED utilization of LVAD patients that visited our
ED. Additionally, while our LVAD team often direct admits patients
or arranges urgent clinic visits for less ill patients, it is unknown to
what extent individuals in our cohort were directed to come to the
ED due to logistical challenges with either admissions or clinic vis-
its. Furthermore, we are unable to precisely determine the time-
point when the LVAD team was notified of ED presentation and
variance therein may have affected our results.

4.2. Conclusion

LVAD patients most commonly present to the ED with com-
plaints not directly related to their device. The presence of an LVAD
results in a significant reduction in time from physician assess-
ment to disposition and an overall shorter ED LOS. Despite this,
there is no difference in hospital LOS and charges for LVAD patients
presenting to the ED compared with those with HF and no LVAD.
This may represent a created healthcare disparity. Developing
more robust care pathways wherein the true role of ED care for
LVAD patients is precisely defined may be helpful to improve ED
and healthcare resource utilization.
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