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Present-Day Hospital
Readmissions after
Left Ventricular Assist

Device Implantation:
A Large Single-Center Study

Left ventricular assist device (LVAD) therapy improves survival, hemodynamic status, and
end-organ perfusion in patients with refractory advanced heart failure. Hospital readmis-
sion is an important measure of the intensity of LVAD support care.

We analyzed readmissions of 148 patients (mean age, 53.6 + 12.7 yr; 83% male) who
received a HeartMate Il LVAD from April 2008 through June 2012. The patients had severe
heart failure; 60.1% were in Interagency Registry for Mechanically Assisted Circulatory
Support class 1 or 2. All patients were observed for at least 12 months, and readmissions
were classified as planned or unplanned. Descriptive and multivariate regression analyses
were used to identify predictors of unplanned readmission.

Twenty-seven patients (18.2%) had no readmissions or 69 planned readmissions, and
121 patients (81.8%) had 460 unplanned readmissions. The LVAD-related readmissions
were for bleeding, thrombosis, and anticoagulation (n=103; 49.1%), pump-related infec-
tions (=60, 28.6%), and neurologic events (n=28; 13.3%). The readmission rate was 2.1
per patient-year. Unplanned readmissions were for comorbidities and underlying cardiac
disease (54.3%) or LVAD-related causes (45.7%). In the unplanned-readmission rate,
there was no significant difference between bridge-to-transplantation and destination-
therapy patients. Unplanned readmissions were associated with diabetes mellitus
(odds ratio [OR]=3.3; P=0.04) and with shorter mileage from residence to hospital
(OR=0.998; P=0.046).

Unplanned admissions for LVAD-related sequelae and ongoing comorbidities were
common. Diabetes mellitus and shorter distance from residence to hospital were signifi-
cant predictors of readmission. We project that improved management of comorbidities
and of anticoagulation therapy will reduce unplanned readmissions of LVAD patients in the
future. (Tex Heart Inst J 2015;42(5):419-29)

irculatory support with left ventricular assist devices (LVADs) has emerged as
a powerful therapy that can improve outcomes in patients who have advanced
heart failure (HF) refractory to medical therapy."* The scarcity of donor or-
gans severely limits transplantation as an option for patients with advanced HF; more-
over, transplant patients need lifelong immunosuppression, the medications for which
can have their own serious side effects. The newest generation of LVADs comprises
continuous-flow (CF) pumps, which use axial or centrifugal technology, deliver flows
of up to 10 L/min,>* and are smaller and more durable than previous models. Cur-
rently, these LVADs are implanted either as a bridge to transplantation (BTT) or as
destination therapy (DT), which offers a permanent alternative to transplantation.
Recently, patients with end-stage HF were given new options when the U.S. Food
and Drug Administration (FDA) approved 2 continuous-flow LVADs: the Heart-
Mate® II (Thoratec Corporation; Pleasanton, Calif) and the HeartWare® Ventricular
Assist System (HeartWare Inc.; Framingham, Mass). The HeartMate II was approved
for BT'T in 2008 and for DT in 2010, and the HeartWare was approved for BT'T in
2012. These milestones initiated modern LVAD therapy, enabling this treatment to
become available to a larger population of patients.”” Consequently, LVAD use has
dramatically increased throughout the world, particularly for DT, and growing num-
bers of medical centers are offering device therapy’"' This trend has been bolstered
by reports that LVAD use, in HF patients 70 years of age or older, is associated with
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good functional recovery, quality of life, and survival.®
After recovering from the implantation procedure, most
patients have improved hemodynamic values and end-
organ perfusion.*>"* Improvements in survival rates are
even better than those documented in the pivotal clini-
cal trials (1-year survival rate, 68%—74% before FDA
approval vs 85% after approval).”

Like transplantation, LVAD therapy requires vigilant
ongoing management of various distinct problems, in-
cluding increased gastrointestinal and cerebral bleed-
ing, the risk of driveline infection, pump thrombosis,
right-sided HF, and arrhythmias.” Readmission to the
hospital is an important measure of the need for more
intensive management of such problems. The mean
number of readmissions per patientyear is considered
the measure that best relates the disease burden to indi-
vidual patients."

We hypothesized that the longitudinal need for hos-
pital readmission (after the index admission for LVAD
implantation) is influenced by preimplantation factors
that are patient-related, operative, and perioperative.
To test this hypothesis in the modern LVAD real-world
(not clinical-trial) setting, we performed a retrospective
chart review of patients who received the HeartMate 11
continuous-flow LVAD at our center from April 2008
through June 2012.

Patients and Methods

Patients. At our center, LVAD candidates are com-
prehensively evaluated by means of laboratory analysis,
cardiopulmonary testing (if the patient is fit enough),
imaging studies (chest radiology; computed tomograph-
ic scans of the head, abdomen, and pelvis; and carotid
ultrasonography), electrocardiography, echocardiog-
raphy, pulmonary function testing, right-sided heart
catheterization, angiography, and psychosocial evalua-
tion—all in accordance with contemporary guidelines.”
In selected cases, palliative-care consultation is provided
to assist in medical decision-making.” If necessary, ad-
ditional specialty consultation is performed to evaluate
comorbidities that could affect LVAD placement and
function. Candidates are then presented to a multidis-
ciplinary medical review board for LVAD approval.

Postoperative follow-up care of LVAD recipients who
have been discharged from our hospital involves rou-
tine and protocol-driven outpatient visits and telephone
contact with our LVAD coordinators. Outpatient-clinic
visits are scheduled weekly for the first 4 weeks, then
monthly thereafter. Laboratory testing includes a com-
plete blood count, complete metabolic profile, and
measurement of lactate dehydrogenase levels. Device
interrogations are performed by circulatory support
technicians during all follow-up visits. Patients are
instructed to clean and dress their driveline exit sites
daily, in accordance with our institutional protocol.
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Telephone assistance is available around the clock from
an LVAD coordinator who provides the first point of
contact for any patientrelated issues that occur outside
scheduled office hours. If patients require hospitaliza-
tion, we recommend that they come to our institution.
If the need for hospitalization is urgent, the patient
should go to the nearest hospital for evaluation and sta-
bilization; we will then arrange for transportation to our
center, where the patient’s condition can be managed by
our dedicated multidisciplinary LVAD team.

All LVAD patients are routinely treated with aspi-
rin (81 mg/d) and warfarin to achieve an international
normalized ratio of 2 to 3. If a major bleeding episode
occurs, anticoagulation is withheld until the source of
the bleeding is determined and treatment strategies are
selected.

Methods. We retrospectively reviewed our hospital’s
medical records and identified 220 patients who had
undergone HeartMate II device implantation at our cen-
ter from April 2008 through June 2012. Seventy-two of
those patients were excluded from the analysis because
they did not survive to hospital discharge (n=55), their
device was explanted before hospital discharge (n=6),
or they originally had a HeartMate Extended Vented
Electric (XVE) pump that was exchanged for a Heart-
Mate II (n=11). The final series comprised 148 patients
whose indication for LVAD implantation was BTT in
65 cases (43.9%) and DT in 83 cases (56.1%). For the
most recent patients in the cohort, the follow-up period
lasted for a minimum of 12 months. The median fol-
low-up time was 20 months (interquartile range, 12-28
mo) for patients with unplanned readmissions and 13
months (interquartile range, 6—21 mo) for patients with
planned readmissions.

Before beginning the study, we obtained permis-
sion from our institutional review board (IRB), which
waived consent for the use of unidentified patient data
in the analysis. All data were obtained in compliance
with protocols approved by the IRB. Sources included
electronic medical records, clinic charts, records main-
tained in the office of our LVAD coordinator, and data
from the Interagency Registry for Mechanically As-
sisted Circulatory Support INTERMACS). Distance
from the hospital to the patient’s residence was calcu-
lated with the use of Google Maps.

To determine the number of readmissions for each
patient and the reason for each readmission, we ex-
amined baseline patient variables (demographic traits,
comorbidities, and laboratory variables), operative fac-
tors (duration of cardiopulmonary bypass, the device
implanted, and delayed chest closure), and periopera-
tive factors (length of intensive care, length of the index
postoperative hospitalization, and hospital disposition).

To identify the primary cause of readmission, we con-
sulted the primary diagnoses in the hospital progress
and discharge notes. We then categorized the various
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causes in terms of planned versus unplanned read-
missions. The planned readmissions were for elective
surgical or diagnostic procedures, transplantation, or
pump explantation. The unplanned readmissions were
subdivided into those involving LVAD-related causes
(bleeding, thrombosis, pump-related infection, other
pump or driveline problems, neurologic events, and
management of anticoagulation) versus non—-LVAD-
related causes, either cardiac (right-sided HE, arrhyth-
mias with shock, arthythmias without shock, and chest
pain) or noncardiac (infection, gastrointestinal and bili-
ary complications, hematologic sequelae, syncope due
to hypovolemia, renal and urologic problems, respira-
tory complications, and neurologic, rheumatologic,
psychiatric, and miscellaneous other conditions).

Statistical Analysis

Statistical analyses were performed by using R statistical
software for Windows, version 3.0.2 (R Development
Core Team; Auckland, New Zealand). Descriptive
analysis was performed by presenting the mean £ SD
for continuous data. Differences between 2 groups (that
is, unplanned vs planned or no readmissions) of inde-
pendent, normally distributed continuous variables were
evaluated by using the Student 7 test. Variables that were
not normally distributed were evaluated with use of the
Wilcoxon rank sum test. Normality was checked with
use of the Shapiro-Wilk test, and differences in categori-
cal variables were evaluated with use of the Fisher exact
test. Statistical comparisons were 2-sided, and the level
of significance was set at  <0.05.

For multivariable regression analysis, we used a par-
simonious, stepwise model to determine independent
predictors of readmission. Marginally significant uni-
variate variables (P <0.1) were considered.

Survival was analyzed with use of the Kaplan-Meier
method, and patients were censored for explantation
or transplantation. Survival rates for groups with 0 to
1 readmissions, 2 to 5 readmissions, and more than 5
readmissions were compared by using the log-rank test.
The readmission rate was calculated in accordance with
the number of readmissions per patient-year.

Results

From April 2008 through June 2012, we implanted
HeartMate II LVADs in 220 patients at our institu-
tion. Of these patients, 55 did not survive to hospital
discharge, 6 had their device explanted before discharge,
and 11 initially had a HeartMate XVE LVAD that was
exchanged for a HeartMate II. Those 72 patients were
excluded from the study, leaving 148 patients, whose
demographic characteristics are shown in Table I. The
patients’ mean age was 53.6 = 12.7 years, 123 were
men (83%), and 85 (57.4%) had ischemic HF. Most of
the patients had a low left ventricular ejection fraction
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(LVEF) (mean value, 0.20 + 0.05). Ninety-four patients
(63.5%) also had a depressed right ventricular ejection
fraction as identified qualitatively on the baseline echo-
cardiogram. Eighty-nine patients (60.1%) were in IN-
TERMACS class 1 or 2 at device implantation. The
indication for LVAD implantation was BTT in 65 cases
(43.9%) and DT in 83 cases (56.1%). We compared
these 2 populations to determine differences that could
have affected subsequent readmission (Table II). The
only significant differences were that the BT'T group
had an excess of delayed sternal closure times (7=0.01)
and the DT group had more bleeding (?=0.01) that
necessitated the cessation of anticoagulation.

Readmission

Twenty-seven patients (18.2%) had either no admis-
sions or planned readmissions only (mean follow-up
time, 14 £ 9 mo). The planned readmissions were
for transplant-related procedures (39 readmissions;
56.5%), elective non—-LVAD-related procedures (25
readmissions; 36.2%), or LVAD explantation because
of recovery from HF (5 readmissions; 7.2%).

The other 121 patients (81.8%) had 460 unplanned
readmissions (mean follow-up time, 21 £ 12 mo).
These admissions were categorized as either LVAD-
related (n=210; 45.7%) or non—LVAD-related (n=250;
54.3%). Figure 1 shows the specific causes of hospi-
tal readmissions. In order of frequency, the reasons for
the LVAD-related readmissions were infection (n=60;
28.6%), bleeding (n=57; 27.1%), neurologic events (car-
diovascular accident, transient ischemic attack, or in-
tracranial bleeding) (n=28; 13.3%), thrombosis (n=23;
11%), management of anticoagulation issues (n=23;
11%), and pump and driveline events (n=19; 9%). The
reasons for non—I'VAD-associated unplanned readmis-
sions were noncardiac comorbidities (n=139; 55.6%)
and cardiac disease progression (n=111; 44.4%).

Of the unplanned readmissions related to cardiac-
disease progression, HF accounted for 54 (49.5%),
ventricular tachycardia for 33 (30.3%), chest pain for
20 (18.3%), and other arrhythmias for 2 (1.8%)).

Of the unplanned non-LVAD-associated readmis-
sions for noncardiac reasons, infections were the leading
cause (n=35; 25.2%), followed by nonbleeding gastro-
intestinal complications (n=27; 19.4%).

The cumulative rate of unplanned readmissions was
2.1 per patient-year. There was a trend toward more
unplanned readmissions in the DT group (1.02 per
patient-year) than in the BT'T group (0.84 per patient-
year), but this difference was not significant (P=0.34).

Patterns of Readmission

The cumulative number of unplanned readmissions per
patient was 0.5, 1.2, 1.59, and 1.87 at 3, 6, 9, and 12
months, respectively. Twenty-five patients had 1 un-
planned readmission, 64 patients had 2 to 4 unplanned
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TABLE I. Patient Demographic, Operative, and Perioperative Characteristics, Stratified by Readmission Status

Unplanned Planned or No

Variable Total (148) Readmissions (121) Readmissions (27) P Value
Age (yr) 53.6+12.7 54 +12.7 52 +12.94 0.488
Male 123 (83) 99 (81.8) 24 (88.9) 0.5647
Height (cm) 175+ 10.8 175+ 11.2 175.8+9.2 0.695
Weight (kg) 89.5+21.6 89.2+214 90.7+22.8 0.746
Body mass index (kg/m?) 294+9 29.4+9.2 295+8.5 0.945
Distance from residence to hospital (mi) 131 +230 106 +210.7 240.6 +282.2 0.025
Bridge to transplantation 65 (43.9) 55 (45.5) 10 (37) 0.537
Ischemic cause 85 (57.4) 71 (58.7) 14 (51.9) 0.665
Diabetes mellitus 64 (43.2) 58 (48) 6 (22.2) 0.026
COPD 20 (13.5) 17 (14) 3 (11.1) 0.926
History of CVA or TIA 23 (15.5) 20 (16.5) 3 (11.1) 0.683
PVD with insufficiency or claudication 22 (14.9) 21 (17.4) 1 (3.7) 0.13
History of hypertension 80 (54) 67 (55.4) 13 (48.1) 0.64
Previous sternotomy 50 (33.8) 44 (36.4) 6 (22.2) 0.23
Previous CABG 42 (28.4) 36 (29.8) 6 (22.2) 0.583
INTERMACS 1 or 2 status 89 (60.1) 71 (58.7) 18 (66.7) 0.583
Milrinone, days postop 76+79 7.7+8.2 6.8+£6.9 0.553
Previous intubation 27 (18.2) 24 (19.8) 3(11.1) 0.432
Right atrial pressure (mmHg) 129178 129175 12.8+£8.9 0.928
Pulmonary pressure (mmHg) 38.8+11.7 38.6+11.9 39.7+11.2 0.698
Wedge pressure (mmHg) 27.7+10.7 28.2+11.2 256+8.6 0.235
Arterial pressure (mmHg) 781 +13.5 77.6+13.5 80.7+£13.7 0.286
Cardiac index (L/min/m?) 1.9+0.578 1.9+05 1.8£05 0.458
Sodium level (mEg/L) 134.8+4.4 135+4.5 134+£3.8 0.267
Blood urea nitrogen (mg/dL) 31.8+20.9 31+£20.3 35.7+23.3 0.346
Creatinine level (mg/dL) 1.5+0.8 1.5+£0.8 1.5+0.6 0.995
eGFR (mL/min/1.73 m?) 61.2+27.7 60.85+27.7 62.5+28.3 0.782
AST (U/L) 79.2+211.3 85.4+232.8 51.6+34.5 0.13
Albumin (g/dL) 3.6+0.6 3.6+0.6 3.68+0.42 0.511
Total bilirubin level (mg/dL) 1.3+£1.4 1.32+15 1.39+£0.74 0.724
WABC count (x 10°%/L) 9.2+4 9.3+41 8.8+3.34 0.537
Platelets (x 10%/L) 208.3+88 207.8+91.4 210.6 £73.13 0.863
Hemoglobin (g/dL) 1M7+£2.2 11.75+2.2 11.2+1.94 0.214
LVEF 0.20+0.05 0.20+0.05 0.19+0.04 0.399
Moderate-to-severe TR preimplant 36 (24.3) 28 (23.1) 8 (29.6) 0.816
Depressed RV function 94 (63.5) 80 (66.1) 14 (51.9) 0.147
Urgent procedure 45 (30.4) 38 (31.4) 7 (26) 0.743
Concomitant procedure 64 (43.2) 51 (42.1) 13 (48.1) 0.723
CPB time (min) 94.9+42.6 97.3+45 84.5+278 0.062
Delayed sternal closure >24 hr 35 (23.6) 27 (22.3) 8 (29.6) 0.577
Postop CVA or TIA 4 (2.7) 4 (3.3) 0 0.763
Blood cultures positive for infection 18 (12.2) 15 (12.4) 3 (11.7) 1
Postop pericardial effusion 15 (10.1) 13 (10.7) 2 (7.4) 0.868

requiring drainage

Postop atrial fibrillation or flutter 31 (20.9) 23 (19) 8 (29.6) 0.335
Postop VF or VT requiring shock 13 (8.8) 10 (8.3) 3 (11.1) 0.923
Postop pulmonary infections 16 (10.8) 11 (9.1) 5 (18.5) 0.278
AICD before discharge 121 (81.8) 98 (81) 23 (85.2) 0.815
Reintubation 38 (25.7) 30 (24.8) 8 (29.6) 0.782
Need for tracheostomy 26 (17.6) 24 (19.8) 2 (74) 0.21
Repeat open surgery 18 (12.2) 16 (13.2) 2 (7.4) 0.61
Discharged to home 134 (90.5) 110 (90.9) 24 (88.9) 1
Intensive care unit (d) 25.6+235 26.4+24.8 224+15.9 0.307
Postop days on ventilator 11.8+20.3 131422 6.3+8 0.008
Total hospital days 57.6+32 58.6+32.5 53.3+30.1 0.418

AICD = automatic implantable cardioverter-defibrillator; AST = aspartate transaminase; CABG = coronary artery bypass grafting;
COPD = chronic obstructive pulmonary disease; CPB = cardiopulmonary bypass; CVA = cerebrovascular accident; eGFR = estimated
glomerular filtration rate; INTERMACS = Interagency Registry for Mechanically Assisted Circulatory Support; LVEF = left ventricular
ejection fraction; PVD = peripheral vascular disease; Postop = postoperative; RV = right ventricular; TIA = transient ischemic attack;
TR = tricuspid regurgitation; VF = ventricular fibrillation; VT = ventricular tachycardia; WBC = white blood cell

Data are presented as mean + SD or as number and percentage. P <0.05 was considered statistically significant.
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TABLE Il. Comparison between Bridge-to-Transplantation and Destination-Therapy Populations

Variable BTT (65) DT (83) PValue
Rate of readmissions per pt-yr of follow-up 213+2.27 2.58+3.5 0.34
Age (yr) 526+12.5 54.2+12.8 0.44
Male 53 (81.5) 69 (83.1) 0.83
Distance from residence to hospital (mi) 145.68 £ 285.1 120.8£180.5 0.55
Body surface area (m?) 2.04+0.24 2.04+0.26 0.97
Sodium level (mEg/L) 134.9+43 134.8+4.5 0.86
Creatinine level (mg/dL) 1.53+£0.9 1.5+0.75 0.84
AST (U/L) 112.56+306.5 53.6+72.1 0.13
Total bilirubin (mg/dL) 1.42+£1.41 1.28+£1.3 0.54
WBC count (x 10%/L) 9+3.9 9.3+4.1 0.69
Platelets (x 10%/L) 215.8+88.6 203+88.2 0.38
Hemoglobin (g/dL) 11.9+2.04 11.5+2.3 0.27
eGFR (mL/min/1.73 m?) 59.1 £25.03 62.5+29.8 0.46
Albumin (g/dL) 3.6+0.7 37+05 0.36
LVEF 0.20£0.06 0.20£0.5 0.44
LVIDD (cm) 6.8+1.2 6.9+1.3 0.44
Heart rate (beats/min) 90.9+18.9 87+179 0.2
Systolic blood pressure (mmHg) 103.1+£17.1 105.7+16.4 0.35
Sternal closure time (hr) 271 +£271 19.2+£27.2 0.034
CPB time (min) 103+48.2 88.5+37 0.06
Total hospital days 60.1+36.7 55.56 +28.2 0.411
Flow at hospital discharge (L/min) 4.8+0.88 4.8+0.7 0.96
Ischemic cause 37 (56.9) 47 (56.6) 1
CABG 17 (26.2) 25 (30.1) 0.59
Diabetes mellitus 28 (43.1) 36 (43.4) 1
COPD 5 (7.7) 14 (16.9) 0.14
History of CVA or TIA 13 (20) 10 (12) 0.25
Hypertension 32 (49.2) 48 (567.8) 0.32
INTERMACS 1 or 2 status 38 (568.5) 50 (60.2) 0.87
Intubation before LVAD implantation 11 (16.9) 16 (19.3) 0.83
Moderate-to-severe TR 18 (27.7) 18 (21.7) 0.23
RV function depressed or 43 (66.2) 50 (60.2) 0.33
severely depressed
Moderate-to-severe MR 28 (43.1) 26 (31.3) 0.22
Postop bleeding requiring stoppage of AT 8 (12.3) 25 (30.1) 0.01
Postop acute kidney injury 21 (32.3) 37 (44.6) 0.13
Postop blood cultures positive for infection 11 (16.9) 6 (7.2 0.12
AICD at discharge 58 (89.2) 62 (74.7) 0.06
Aortic valve open at baseline speed 33 (50.8) 52 (62.7) 0.3
Depressed function predischarge (RV) 9 (13.8) 7 (8.4) 0.29

AT = anticoagulant therapy; AICD = automatic implantable cardioverter-defibrillator; AST = aspartate transaminase; BTT = bridge to
transplantation; CABG = coronary artery bypass grafting; COPD = chronic obstructive pulmonary disease; CPB = cardiopulmonary
bypass; CVA = cerebrovascular accident; DT = destination therapy; eGFR = estimated glomerular filtration rate; INTERMACS = Inter-
agency Registry for Mechanically Assisted Circulatory Support; LVAD = left ventricular assist device; LVEF = left ventricular ejection
fraction; LVIDD = left ventricular internal dimension in diastole; MR = mitral regurgitation; postop = postoperative; pt = patient;

RV = right ventricular; TIA = transient ischemic attack; TR = tricuspid regurgitation; VWBC = white blood cell

Data are presented as mean + SD or as number and percentage. P <0.05 was considered statistically significant.
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readmissions, and 32 patients had 5 or more unplanned
readmissions; 1 patient had 15 unplanned readmissions
(Fig. 2).

The time-effect rates of readmission were highest in
the first 6 months after LVAD implantation, decreased
between 6 and 12 months, and increased again after 12
months (0.82 per patient-year of follow-up observation).

Predictive Factors for Readmission

Univariate and multivariate analysis identified de-
mographic, operative, and perioperative factors as
significantly associated with the need for subsequent re-
admission. Unplanned readmission was associated with
diabetes mellitus (hazard ratio [HR]=3.3; P=0.04) and
with a shorter distance from the patient’s residence to
the hospital (HR=0.998; P=0.046) (Table III), as well
as with the number of days the patient had been on
the ventilator after LVAD placement (2=0.008). The
strongest predictor of unplanned readmission was dia-
betes (HR=3.3; odds ratio [OR]=3.3; 95% confidence
interval [CI], 0.995-0.999; P=0.04).

Survival Data

During the follow-up period, 31 patients (25%) died.
All deaths were in the unplanned-readmission group.
Using a Kaplan-Meier curve, we compared the differ-
ences between patients who had 0 to 1 admissions after
LVAD implantation and patients who had 2 to 4 ad-
missions or 5 or more admissions. The results suggest
that increased need for hospital readmission after LVAD
implantation is associated with diminishing survival.
The survival curves for all 3 groups trended together
initially, then separated approximately 1.75 years after
device implantation (Fig. 3).

Discussion

ing question: does implanting an LVAD into a patient
who already has a complex, multimorbid condition
make that patient less likely to need repeated hospi-
talizations? Clearly, LVAD therapy improves survival
rates and the quality of life; the question is whether
or not—by improving cardiac output—LVAD therapy
can ultimately simplify the care of these patients.

Odur single-center study reveals contemporary trends
in LVAD therapy. The time frame is crucial because
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Fig. 2 Graph shows number of readmissions per patient.

TABLE lll. Independent Predictors of Readmission*

Odds 95% Confidence
Variable Ratio Interval P Value
Distance (per mile) 0.998 0.995-0.999 0.046
Diabetes mellitus 3.3 1.2-11.4 0.04

*With use of parsimonious, multivariable, stepwise regression
analysis

P <0.05 was considered statistically significant.

For HF patients, hospital readmission is an important
marker of disease worsening, and increased numbers
of readmissions are associated with an increased risk of
death.” This risk is driven not only by worsening of
pump failure and malignant arrhythmic events but also
by a common panoply of comorbidities, including ath-
erosclerotic coronary artery disease, diabetes mellitus,
renal failure, and other serious conditions.”” After the
index hospital admission for HF management, the rate
of readmission within 30 days approaches 25%.2"*
Gaining an understanding of readmission patterns
and trends outside clinical trials, in a real-world LVAD
population, is crucial, because hospital readmission has
adverse quality-of-life consequences for patients and
their caregivers after successful LVAD implantation.
Broader cost and resource-utilization issues also affect
clinical care delivery to these patients.”* Furthermore,
understanding hospital patterns and trends toward re-
admission might help us answer an important underly-
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Fig. 3 Kaplan-Meier curve shows differences between patients
who had 0-1 admissions versus 2—4 admissions versus 5 or
more admissions after left ventricular assist device (LVAD)
implantation.
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LVAD therapy has evolved rapidly during the past few
years. The FDA approved the HeartMate II for BT'T
in April 2008 and for DT in January 2010. The Heart
Ware device was approved for BT'T in November 2012
and is currently available for DT patients only within
the confines of an ongoing clinical trial. Therefore, the
dates chosen for this analysis (April 2008—June 2012)
afford us a look at “real-world” patients selected outside
the strict bounds of clinical trials—those who are ben-
eficiaries of the broadest possible availability of LVAD
therapy. Three other single-center reports®?” describe
patients whose implants date back to 2006. Those re-
ports include data concerning both clinical-trial patients
and investigational devices that never became available
outside trials; therefore, these populations might not be
representative of contemporary cohorts.

We hypothesized that the baseline demographic traits,
severity of the illness, and complexity of the postopera-
tive course would become apparent in the subsequent
need for repeated hospital readmission of LVAD recipi-
ents. However, we found no association between these
3 variables and readmission except for geography (the
patient’s relative closeness to the hospital), the presence
of diabetes mellitus, prolonged postoperative ventilator
use, and longer cardiopulmonary bypass time. All of
these factors were associated with an increased likeli-
hood of readmission. We did not attempt to confirm
carlier reports® that hemoglobin level predicted rehos-

pitalization. Neither did we measure brain natriuretic
peptide (BNP) levels, as did Hasin and co-authors,”
who found that elevations of this biomarker predicted
readmission.

Odur series confirmed that a shorter distance to the
hospital is associated with an increased frequency of re-
admission. Our finding is contrary to that of the Mayo
Clinic investigators: in their series, a longer distance to
the medical center was associated with an increased
need for hospital admission.”” Our finding probably is
a product of the urban and suburban nature of our in-
stitution, and of local referral and transfer patterns.

The strong association between diabetes and re-
admission after LVAD implantation is novel to our
study. Outcomes after coronary artery bypass grafting
(CABG), the most frequently performed cardiac opera-
tion, have been thoroughly studied and provide insights
into our finding. Patients with diabetes who undergo
CABG are known to have poor outcomes both imme-
diately after revascularization and at every stage there-
after.”® The reasons for this finding include increases
in platelet aggregation, platelet adhesion, and thrombo-
genesis, which potentially contribute to premature graft
failure.”” Outcomes are linked to preoperative control
of blood-sugar levels, as indicated by the hemoglobin
Alc test (HbAlc). Halkos and colleagues® showed that
HbAIc is a powerful predictor of postoperative in-hos-
pital death and morbidity. In addition, both diabetes

TABLE IV. Comparison of Left Ventricular Assist Device Studies from Single Centers

Cleveland Montefiore Texas Heart
Variable Clinic® Medical Center® Mayo Clinic?” Institute
Implantation dates 2004-2010 2006-2011 2008-2011 2008-2012
Patients (n)
Total cohort 92 71 115 148
DT 15 38 64 b5
Readmissions (n)
Rate (per pt-yr) 1.8 2.2 1.4 21
Patients 48 56 83 121
Total events 21 155 NA 529
Unplanned events 177 NA 224 460
Unplanned events (%)
VAD-related 51 NA NA 45
Bleeding 8.5 17.4 29.5 27
Thrombosis NA NA 9.3 1
Anticoagulation NA NA NA Ik
Neurologic NA 5.2 5.8 13.3
Infection 28.8 9.7 2.6 28.5
Pump malfunction 12.4 9 3 9
Associated factors DT None Distance from hospital; Distance from hospital;
hemoglobin; BNP postop ventilation time;
diabetes mellitus;
increased CPB time
Associated with death Yes No No Yes

BNP = pro-brain natriuretic peptide; CPB = cardiopulmonary bypass; DT = destination therapy; NA = not available; postop = postopera-

tive; pt = patient; VAD = ventricular assist device

426 Present-Day Hospital Readmissions after LVAD Implantation

Volume 42, Number 5, 2015



and the duration of mechanical ventilation have been
shown to be independent risk factors for postoperative
infection in cardiac patients.” In another large series
of CABG patients, Hudson and colleagues®* showed
that patients with diabetes and elevated HbA1c values
had a significant increase in postoperative acute kidney
injury (OR=1.148; 95% CI, 1.003-1.313; P=0.04). If
the HbAlc is elevated to >8.6%, the post CABG mor-
tality rate is quadrupled compared with that of diabetic
patients who have HbAlc levels of <8.6% (indicative
of better intermediate-term glycemic control). In elec-
tive situations, it has been proposed that CABG should
be delayed until glycemic control can be achieved.” If
these results are replicated in an LVAD cohort, closer
blood-sugar control is probably warranted, particularly
for patients undergoing elective or semielective LVAD
implantation.

Hospital readmission after device implantation is
frequent even in the current decade of LVAD therapy,
and only a small minority of patients do not need re-
admission for further device management. We report a
high rate of unplanned admissions at 81.8%; this fig-
ure exceeds those cited in eatlier reports (55%—68%)*
but is only slightly higher than the rates cited in sub-
sequent single-center reports, in which 72.4% to 79%
of LVAD patients had at least one readmission (usu-
ally unplanned).”** Table IV summarizes the findings
from the other single-center reports.”?” The centers
vary in regard to the time frames studied and the pro-
portion of BTT patients in the study populations, but
the relatively high rates of hospitalization after LVAD
implantation and the primary causes for readmission
are remarkably homogeneous. In providing details on
readmission trends that involved 2,507 LVAD implan-
tations from 2006 through 2011, a Medicare database
report” showed that the mean number of hospitaliza-
tions after LVAD implantation was stable at 1.8 + 2.1
and that readmission rates were not affected by center
volume.

The leading single cause of readmission in our series
was LVAD (driveline and pump) infection, which ac-
counted for 28.6% of all LVAD-related admissions—a
finding consistent with previous reports.*** The com-
bination of bleeding, anticoagulation management, and
thrombosis accounted for 49.1% of our LVAD-related
readmissions. This finding is again consistent with pre-
vious reports that cite bleeding as the most common
perioperative event in these patients.”” The 3rd leading
cause of readmission was neurologic events, which oc-
curred in 28 patients, or 13.3% of the LVAD-related
admissions. Technological innovations designed to
eliminate the driveline and to provide more biocom-
patible surfaces are clearly needed.

Two hundred fifty (54.3%) of our patients were ad-
mitted for non—LVAD-related causes. Of that group,
more than half (n=139; 55.6%) were readmitted for
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management of noncardiac conditions, which indicates
the highly comorbid state of most patients with ad-
vanced HF. In the remaining 111 readmitted patients
(44.4% of the non—LVAD-related group), cardiac
causes included progressive right-sided HF, arrhyth-
mias, automatic implantable cardioverter-defibrillator
shocks, and chest-pain evaluations. Cleveland Clinic
investigators® reported a similar proportion of non—
LVAD-related readmissions (49%) despite the fact
that their population was largely composed of BTT
patients (84.8%)—in contrast to our series, which had
predominantly DT patients (55.8%). We did not find a
significant difference between our DT and BT'T popu-
lations in regard to their need of subsequent hospital-
ization. Conversely, the Cleveland Clinic investigators
found a far greater need for readmission in the DT
population.” Our results suggest that within the con-
text of current LVAD therapy, DT and BTT patients
are subject to similar LVAD- and comorbidity-related
episodes of destabilization. If this finding is validated at
other institutions, it provides justification for moving
away from the arbitrary and artificial distinctions be-
tween BT'T and DT that are part of the regulatory and
funding models for circulatory support in the United
States.

Odur analysis of mortality rates agrees with the Cleve-
land Clinic’s report,” which suggested that increased
numbers of admissions are associated with an increased
mortality rate.

Limitations. The limitations of our study include
those inherent in any retrospective single-center analy-
sis. Our institution is a large-volume tertiary-care cen-
ter in Houston, Texas, and our patient population does
not necessarily resemble LZVAD populations in other
regions of the country. For example, our center aggres-
sively promotes LVAD implantation in patients who
have very complex disease, and we routinely receive
referrals of patients who have been deemed unaccept-
able candidates for LVAD therapy at other centers. This
fact might well affect the readmission rates that we have
reported. Therefore, our study could lack breadth of ap-
plication, and analysis of larger cohorts could possibly
identify other predictors of readmission.

Conclusions. Unplanned admissions for LVAD-related
sequelae and ongoing comorbidities were common. Di-
abetes mellitus and shorter distance from the residence
to the hospital were significant predictors of readmis-
sion. We project that improved management of comor-
bidities and of anticoagulation therapy will reduce
unplanned readmissions of LVAD patients in the fu-
ture.

Mechanical circulatory support for the failing heart
is a relatively young therapy for advanced disease, with
a history only several decades long. Enormous strides
have been made since the early years, when device recip-
ients were initially confined to the intensive care unit;
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within a short time, these devices have become smaller
and implantable, enabling patients to live independently
at home, to travel freely, and to pursue activities that
would otherwise have been curtailed by symptoms or
altogether excluded by a reduced lifespan. The authors
hope that this report provides not only a measure by
which to judge the clinical impact of current LVAD
therapy but also the vision through which further in-
novations might evolve in this rapidly advancing field.
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