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Long-term use of left ventricular assist devices: a 
report on clinical outcomes

Background: The literature examining clinical outcomes and readmissions during 
extended (> 1 yr) left ventricular assist device (LVAD) support is scarce, particularly in 
the era of continuous-flow LVADs.

Methods: We completed a retrospective cohort study on consecutive LVAD patients 
from June 2006 to March 2015, focusing on those who received more than 1 year of total 
LVAD support time. Demographic characteristics, clinical outcomes and readmissions 
were analyzed using standard statistical methods. All readmissions were categorized as per 
the Interagency Registry for Mechanically Assisted Circulatory Support 2015 guidelines.

Results: Of the 103 patients who received LVADs during the study period, 37 
received LVAD support for more than 1 year, with 18 receiving support for more 
than 2 years. Average support time was 786 ± 381 days, with total support time reach-
ing 80 patient-years. During a median follow-up of 2 years, 27 patients died, with 
1-year conditional survival of 74%. Median freedom from first readmission was 
106  days (range 1–603 d), with an average length of stay of 6 days. Readmissions 
resulted in an average of 41 ± 76 days in hospital per patient. Reasons for readmission 
were major infection (24%), major bleeding (19%) and device malfunction/thrombus 
(13%). There were a total of 112 procedures completed during the readmissions, with 
60% of procedures being done in 13% (n = 5) of patients.

Conclusion: Continuous-flow LVADs provide excellent long-term survival. The present 
study describes marked differences in reasons for readmissions between the general LVAD 
population and those supported for more than 1 year. Prolonged LVAD support resulted 
in decreased susceptibility to major bleeds and increased susceptibility to infection.

Contexte  : La documentation sur les résultats cliniques et les réadmissions reliés au 
recours prolongé (> 1 an) à un dispositif d’assistance ventriculaire gauche (DAVG) est 
peu abondante, particulièrement en ce qui concerne les DAVG à flux continu.

Méthodes : Nous avons procédé à une étude de cohorte rétrospective sur une série de 
patients consécutifs à qui on a implanté un DAVG entre juin 2006 et mars 2015, en 
nous attardant plus particulièrement à ceux qui ont bénéficié du DAVG pendant une 
durée totale de plus d’un an. Les caractéristiques démographiques, les résultats cliniques 
et les réadmissions ont été analysés au moyen de méthodes statistiques standard. Toutes 
les réadmissions ont été catégorisées selon les lignes directrices 2015 du Registre 
INTERMACS (Interagency Registry for Mechanically Assisted Circulatory Support).

Résultats : Parmi les 103 patients chez qui un DAVG a été implanté durant la période 
de l’étude, 37 en ont bénéficié pendant plus d’un an et 18 pendant plus de 2 ans. La durée 
moyenne d’utilisation a été de 786 ± 381 jours, la durée totale de l’assistance ainsi fournie 
atteignant 80 années-patients. Pendant la période de suivi médiane de 2 ans, 27 patients 
sont décédés, ce qui correspond à une survie conditionnelle d’un an chez 74 % des par-
ticipants. L’intervalle médian avant une première réadmission a été de 106 jours (éventail 
1–603 jours), et la durée médiane des séjours a été de 6 jours. Les réadmissions ont en 
moyenne été suivies d’un séjour hospitalier de 41 ± 76 jours par patient. Les raisons des 
réadmissions ont été infection grave (24 %), hémorragie majeure (19 %) et dysfonction 
du dispositif/thrombus (13 %). En tout, 112 interventions ont été effectuées lors des 
réadmissions, 60 % d’entre elles chez 13 % des patients (n = 5).

Conclusion : Les DAVG à flux continu donnent lieu à une excellente survie à long terme. 
La présente étude décrit les différences marquées en ce qui concerne les raisons des réad-
missions entre la population générale porteuse d’un DAVG et la population ayant bénéficié 
du dispositif pendant plus d’un an. Le recours prolongé à un DAVG a été associé à une 
diminution du risque d’hémorragie majeure et à une augmentation du risque d’infection.
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H eart failure (HF) is widespread among Canad
ians, with more than 500  000  total cases 
throughout the country and 80 000 new 

patients per year.1 Stage D heart failure, defined as the 
failure of medical therapy, necessitates intervention in 
the form of mechanical circulatory support or cardiac 
transplantation.1–4 Although the treatment of choice 
remains transplantation, donor heart shortages have 
led to increasing numbers of patients being bridged 
with a left ventricular assist device (LVAD).2–5 Clin
ically, there are increasing numbers of patients sup-
ported on LVADs for more than 1 year in direct rela-
tion to their blood type, body size and antibody 
sensitization.5,6 These devices improve outcomes and 
provide a reasonable quality of life for patients with 
HF. Often, short-term and long-term mortality 
decrease and patients with refractory HF experience 
improved symptom control when supported with an 
LVAD.7–9 Newer continuous-flow devices (CF-
LVADs) have improved durability and have allowed 
prolonged support for patients. The Interagency Reg-
istry for Mechanically Assisted Circulatory Support 
(INTERMACS) has reported 80% survival rates after 
1 year of LVAD support, which is comparable to car-
diac transplantation.10 These favourable outcomes have 
resulted in an increased use of CF-LVADs as a bridge 
to transplantation and destination therapy (DT). In 
fact, 40% of total LVAD implantations in the United 
States in 2012 were indicated as DT.8,10,11

Although implantation is considered relatively safe, 
adverse events and pre-existing comorbidities can lead to 
poor prognosis.12–14 Hospital readmissions reduce patient 
quality of life and impose a financial burden, particularly 
in the single-payer health care system that exists in Can-
ada.12–15 Patients who were enrolled in the Randomized 
Evaluation of Mechanical Assistance for the Treatment of 
Congestive Heart Failure (REMATCH) trial experienced 
higher rates of readmission after LVAD implantation 
than their medical counterparts (88 v. 24 d).8 This is 
of particular concern in patients supported for long per
iods of time with expected readmissions as a result of 
increased support times.

Caring for patients with implanted LVADs supported 
for more than 1 year presents the health care team with a 
unique set of medical concerns that are largely unknown. 
Previously described complications post-LVAD leading 
to readmissions include gastrointestinal and cerebrovas-
cular bleeding events, infections and thromboembol
ism.16–19 Unfortunately, although the proportion of 
patients with LVADs supported for more than 1 year is 
increasing, the literature exploring clinical outcomes, 
readmissions and procedures during prolonged LVAD 
support remains scarce. The goal of the present study is 
to report on clinical outcomes of patients supported for 
more than 1 year on a CF-LVAD. Additionally, we 

explored reasons for and predictors of readmissions and 
all subsequent procedures in our patient cohort.

Methods

Study population

In this retrospective cohort study, we included consecutive 
adult patients undergoing CF-LVAD implantation 
between June 2006 and March 2015 at the Toronto Gen-
eral Hospital, with a focus on patients supported on 
LVAD for more than 1 year. Devices implanted included 
HeartMate II (HMII; St. Jude Corp), HVAD (Heartware) 
and Duraheart (Terumo) devices. Our institutional 
research ethics board approved our research protocol 
before the study began.

Exposures and outcomes

We collected data on patient demographic characteris-
tics, preoperative comorbidities, preoperative laboratory 
values, operative values, postoperative medications, post-
operative characteristics and postoperative complications 
and outcomes. Follow-up was 100% complete.

Device implantation and patient follow-up

Surgical implantation of the devices was performed 
according to previously described techniques.2–4,6 On dis-
charge from hospital, all patients were followed at 
Toronto General Hospital until transplant or death. 
Appointments included a physical examination, investi-
gation of the device, optimization of medical therapy and 
discussion of patient concerns. Visits occurred weekly 
until there were no active issues, at which point the visits 
were scheduled biweekly or monthly.

Readmissions and procedures

Readmission data included diagnosis, length of hospital 
stay (LOS) and interventional procedures performed. 
Reasons for readmission were categorized using the 
INTERMACS 2015 adverse events definitions. Elective 
transplant readmissions were excluded from our analysis. 
Two research team members (S.R. and F.F.) compiled all 
readmission and procedure data simultaneously.

Statistical analysis

Data are reported as means ± standard deviations for 
continuous variables or percentages for categorical vari-
ables. Factors associated with readmissions were exam-
ined. We compared characteristics between readmitted 
and nonreadmitted patients using 2-sided 2-sample t test 
analyses for normally distributed continuous variables. 
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We used the Mann–Whitney U test for non-normally 
distributed data and the χ2 test for categorical variables. 
Survival analysis was completed using the Kaplan–Meier 
method, with censoring for transplantation. Statistical 
differences in survival were computed using the Mantel 
log-rank test. All comparisons were 2-sided, and we 
considered results to be significant at p < 0.05. Compet-
ing outcomes were analyzed by adding the incidence of 
each outcome over time. All statistical analyses were 
conducted using SPSS software version 22.0 (IBM 
Corp.).

Results

Patients and devices

In total, 103 patients were implanted with a CF-LVAD 
between 2006 and 2015 (Table 1). Of those, 37 patients 
were supported for at least 1 year, with 18 (49%) 
patients receiving more than 2 years of support. Overall 
mortality was 29% (30 deaths) during a mean follow-up 
of more than 2 years (IQR 489.5–1030 d; Table 2). 
Baseline characteristics of patients receiving prolonged 

support are reported in Table 3 and Table 4. Average 
support time was 786 ± 381 days, amounting to a total 
of 79.6  patient-years. Indications for device implanta-
tion included bridge to transplant in 25 (68%) patients, 
bridge to candidacy in 6 (16%) patients and DT in 
6  (16%) patients. The mean age of the recipients sup-
ported over 1 year was 52 ± 13 years, and 40% were 
women. Etiology of cardiomyopathy was ischemic in 
16 (43%) patients, idiopathic in 13 (35%) patients, post-
chemotherapy in 5 (14%) patients, familial in 2 (5%) 
patients and hypertrophic (3%) in 1 patient. Devices 
implanted included 27 (73%) HMII, 8 (22%) HVAD 
and 2 (5%) Duraheart devices. The median postopera-
tive hospital stay during the index admission was 27 days 
(range 11–33 d). 

Survival with continuous-flow pumps

Survival of patients receiving LVADs, regardless of sup-
port time (n = 103), is shown in Table 3 and Table 4. The 
greatest risk for patients was during their index admission 
for LVAD implantation, accounting for 63% of all 
deaths. Table 3 and Table 4 demonstrate postoperative 

Table 1. Demographic and clinical characteristics of patients who received 
short-term versus prolonged LVAD support

Group; mean ± SD or %

Characteristic
All patients 
(n = 103)

< 1 year support 
(n = 66)

≥ 1 year support
(n = 37) p value

Age, yr 50 ± 13 49 ± 13 52 ± 13 0.27

Male sex 71 79 59 0.68

NYHA 3/4 84 81 92 0.14

Ischemic 37 34 43 0.35

HeartMate II 70 68 73 0.58

Weight, kg 79 ± 20 81 ± 19 73 ± 18 0.29

Height, m 1.7 ± 0.11 1.7 ± 0.11 1.7 ± 0.11 0.21

BMI 26.2 ± 5.3 26.6 ± 5.1 25.0 ± 4.8 0.46

BSA, m2 1.9 ± 0.3 2.0 ± 0.3 1.8 ± 0.3 0.15

Diabetes 27 29 24 0.61

Hypertension 41 42 40 0.50

PVD 3 0.0 8.1 0.02

Prev. sternotomy 14 9.7 21 0.10

CVA 4.1 4.8 2.7 0.60

ICD 79 77 84 0.45

CRT 43 42 46 0.70

CRF 33 37 24 0.19

Creatinine Pre 1.4 ± 0.6 1.5 ± 0.6 1.3 ± 0.5 0.22

Bilirubin Pre 1.4 ± 0.9 1.6 ± 1.0 1.1 ± 0.6 0.20

AST Pre 31.1 ± 23.0 33.5 ± 27.0 27.3 ± 15.7 0.24

ALT Pre 33.1 ± 33.6 35.4 ± 41.0 29.5 ± 19.0 0.44

Albumin Pre 3.54 ± 0.46 3.46 ± 0.48 3.64 ± 0.40 0.05

LVEF 18.8 ± 5.0 18.8 ± 5.9 18.7 ± 3.6 0.96

ALT = alanine aminotransferase; AST = aspartate aminotransferase; BMI = body mass index; BSA = body 
surface area; CRF = chronic renal failure; CRT = cardiac resynchronization therapy; CVA = cerebral vascular 
accident; ICD = implantable cardioverter defibrillator; LVAD = left ventricular assist device; LVEF = left ventricular 
ejection fraction; NYHA = New York Heart Association; PVD = peripheral vascular disease; SD = standard 
deviation.
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outcomes in the 37 patients who received prolonged sup-
port, stratified by readmission status.

Figure 1 illustrates a competing outcomes analysis in 
patients with prolonged LVAD support. Transplantation 
rates increased at a higher rate than mortality. There 
were 9 patients supported on an LVAD for more than 
1000 days. During a median follow-up time of just over 
2  years (IQR 489.5–1030 d), 16 (43%) patients under-
went transplantation and 6 (16%) died. Causes of death 
included sepsis, stroke, LVAD malfunction and 3 pallia-
tive cases where care was withdrawn.

Readmissions

There were a total of 129 readmissions among the 
37  patients on prolonged LVAD support. This 
amounted to 1499 hospital days (Fig. 2A). After index 
admission, 29 (73%) patients were readmitted at least 
once, 9 (24%) patients were readmitted 5 or more times, 
and 4 (11%) patients were readmitted at least 9 times 
(Fig. 2B). On average, patients were readmitted 3 times, 

for a median LOS per admission of 6 days in hospital. 
Patients who were readmitted spent an average of 
41  days in hospital during their readmission. Median 
freedom from first readmission was 106 days (Fig. 2C). 
More than 60% of patients were readmitted within their 
first year of support.

Reasons for readmissions are depicted in Figure 3A. 
The primary cause of hospitalization was major infec-
tion, amounting to more than 30 readmissions. Fifteen 
(38%) patients experienced a major infection during pro-
longed LVAD support, and 7 patients experienced recur-
rent infections. All patients with multiple readmissions 
(>  5) had at least 1 incidence of infection, and patients 
with more than 9 readmissions experienced recurring 
infections. Breakdown of reasons for readmissions 
according to INTERMACS shows that sepsis was the 
main cause of readmissions in this patient cohort 
(Fig. 3B). Although device malfunction was one of the 
top 3 causes for readmissions, pump exchange was 
required in only 3 patients (Fig. 3C). A substantial pro-
portion (35%) of readmissions were classified as “other” 
and included vertigo, fever, dyspnea, syncope, fluid over-
load, fractures, ischemic colitis, anemia, increased inter-
national normalized ratio, slurred speech and back pain.

During readmissions, patients underwent several pro-
cedures, as shown in Figure 4A. Endoscopy and pump 
exchange accounted for a large number of the procedures 
(38%). Endoscopy was generally undertaken to deter-
mine the source of gastrointestinal bleeding and included 
gastroscopy, capsule endoscopy, sigmoidoscopy, colonos-
copy and double balloon endoscopy. Device malfunction 

Table 3. Preoperative characteristics of patients with prolonged LVAD support

Group; mean ± SD or %

Characteristic
All Patients 
(n = 103)

All prolonged LVAD 
patients (n = 37)

No readmissions  
(n = 10)

Readmissions  
(n = 27) p value

Age, yr 50 ± 13 52 ± 13 48 ± 10 53 ± 14 0.34

Male sex 71 59 60 55 0.81

Weight, kg 79 ± 20 73 ± 18 72 ± 23 73 ± 17 0.89

Height, m 1.7 ± 0.11 1.7 ± 0.11 1.7 ± 0.10 1.7 ± 0.11 0.57

BMI 26.2 ± 5.3 25.0 ± 4.8 24.1 ± 6.0 25.4 ± 4.5 0.49

BSA, m2 1.9 ± 0.3 1.8 ± 0.3 1.9 ± 0.3 1.8 ± 0.3 0.89

Diabetes 27 24 10 30 0.22

Hypertension 41 40 10 44 0.05

PVD 3 8.1 10 10.0 0.38

Previous sternotomy 14 21 0.0 30 0.05

Recent CVA 2.0 2.7 10 0.0 0.01

NYHA class 3/4 84 92 80 96 0.58

ICD 79 84 70 89 0.17

CRT 43 46 20 56 0.05

CRF 33 24 10 30 0.22

Ischemic cardiomyopathy 37 43 40 41 0.97

BMI = body mass index; BSA = body surface area; CRF = chronic renal failure; CRT = cardiac resynchronization therapy; CVA = cerebral 
vascular accident; ICD = implantable cardioverter defibrillator; LVAD = left ventricular assist device; NYHA = New York Heart Association; 
PVD = peripheral vascular disease; SD = standard deviation.

Table 2. Overall survival on LVAD support (n = 103)

Time point No. (%)

Death at any time on LVAD support 30 (29)

Death during index admission 19 (18)

30-day mortality 14 (14)

1-year mortality 24 (23)

2-year mortality 27 (26)

LVAD = left ventricular assist device.
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was related to controller requiring swap in 9 patients and 
to speed adjustments in 5 patients (Fig. 4B). There were 
3  LVAD pump exchanges owing to thrombus. Twelve 
procedures were classified as “other” and included bone 
marrow biopsy, brachial emblectomy, femoral–femoral 
bypass, tissue plasminogen activator for LVAD alarm 
thought to be secondary to pump thrombus, transjugular 
liver biopsy, open appendectomy, kryphoplasty, vertebral 
biopsy, dialysis catheter insertion, enterocolysis and sub-
total colectomy.

Associations with readmissions

Of the 37 patients on prolonged LVAD support, 10 
(27%) did not require readmission after the index admis-

sion for LVAD implantation. A postoperative infection 
during the index admission was the only variable found 
to be associated with future readmissions (p = 0.030). 
Other postoperative complications, including all-cause 
bleeding and ventricular arrhythmia, approached signifi-
cance. Additionally, there was a higher prevalence of dia-
betes, hypertension, and previous cardiac surgery in the 
highly readmitted patient cohort.

There were no significant differences in mortality 
between patients who were readmitted and those who 
were not (p = 0.29). Of note, there were 6 deaths in the re-
admitted population in contrast to no deaths among 
patients requiring no readmissions (Fig. 5). Patients who 
were readmitted at least once experienced longer wait 
times for transplantation than their nonreadmitted 

Table 4. Peri- and postoperative characteristics of patients with prolonged LVAD support

Group; mean ± SD or %

Characteristic
All patients  
(n = 103)

< 1 year support 
(n = 66)

All prolonged 
patients (n = 37)

No readmissions 
(n = 10)

Readmissions  
(n = 27) p value

Urgent/emergent 41 38 41 20 48 0.05

HMII 65 61 73 70 74 0.80

CPB time, min 90.8 ± 41.1 92.8 ± 42.8 87.7 ± 38.6 107.1 ± 59.2 82.1 ± 27.1 0.58

Duration of surgery, min 411.0 ± 151.6 415.3 ± 160.9 406.3 ± 137.1 454.2 ± 227.6 390.4 ± 91.2 0.23

Creatinine Pre, mg/dL 1.39 ± 0.57 1.47 ± 0.60 1.25 ± 0.52 1.19 ± 0.67 1.28 ± 0.48 0.33

AST Pre, mg/dL 31.1 ± 23.0 33.2 ± 26.5 27.3 ± 15.7 35.9 ± 20.4 25.1 ± 13.5 0.11

ALT Pre, mg/dL 33.1 ± 33.6 35.0 ± 40.3 29.5 ± 19.0 39.33 ± 20.2 27 ± 18.3 0.08

Albumin Pre 3.54 ± 0.46 3.48 ± 0.48 3.64 ± 0.40 3.61 ± 0.42 3.66 ± 0.40 0.79

LVEF, % 18.8 ± 5.02 18.8 ± 5.8 18.7 ± 3.6 19.4 ± 3.6 18.6 ± 3.6 0.56

Days on mechanical ventilation 5.2 ± 10.1 6.5 ± 12.4 2.8 ± 3.4 2.3 ± 2.5 3.0 ± 3.8 0.49

CVVD 13.2 21 5.4 10 3.7 0.45

PRBC units 11.2 ± 10.5 11.3 ± 10.7 10 ± 10 14 ± 16 9.5 ± 7.7 0.70

Days in ICU 20 ± 22 20 ± 22 20 ± 22 23 ± 28 19 ± 20 0.79

Days in hospital 45 ± 72 36 ± 28 59 ± 110 44 ± 32 64 ± 127 0.80

Days on inotropes 6.9 ± 9.0 9.3 ± 11.0 5.6 ± 3.0 5.0 ± 3.0 5.8 ± 2.8 0.43

Sildenafil 49 44 57 80 48 0.08

NO 4 4.5 11 10 11 0.92

Bleeding 42 36 35 60 26 0.05

GI bleed 3 47 16 20 15 0.70

Reoperation 36 36 32 40 30 0.55

Infections 58 62 49 20 59 0.03

RV failure 36 36 32 20 37 0.33

RVAD insertion 5 7.5 5.4 20 0.0 0.02

RVAD days 30.8 ± 45.4 36.2 ± 57.5 20.0 ± 8.5 20.0 ± 8.5 0.0 ± 0 NA

Malfunction 2 3.0 2.7 0 3.7 0.54

VAD replacement 5.8 4.5 5.4 0.0 7.4 0.38

AI 1.8 1.5 2.7 0.0 3.7 0.54

Thromboembolism 8.7 12 2.7 0.0 3.7 0.54

Stroke 11 15 2.7 0.0 3.7 0.54

Ventricular arrythmia 38 36 41 20 48 0.06

Renal failure 21 27 8.1 0.0 11 0.27

Liver failure 28 33 19 10 22 0.40

Wound dehiscence 28 0.0 5.4 0.0 7.4 0.38

Dead on LVAD 29 23 16 0.0 22 0.10

AI = aortic insufficiency; ALT = alanine aminotransferase; AST = aspartate aminotransferase; CPB = cardiopulmonary bypass; CVVD = central veno–venous hemodialysis; GI = gastrointes
tinal; HMII = HeartMate II; ICU = intensive care unit; LVAD = left ventricular assist device; LVEF = left ventricular ejection fraction; NA = not applicable; NO = nitric oxide; PRBC = packed 
red blood cells; RVAD = right ventricular assist device; RV = right ventricle; SD = standard deviation; VAD = ventricular assist device.
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counterparts (Fig. 6, p = 0.021). Finally, risk of recurrent 
readmissions for patients who were readmitted even once 
after their index discharge was 78%.

Discussion

This study explored our single-centre experience with 
CF-LVADs as a long-term therapy for patients with 
end-stage HF. Continuous-flow LVADs provide reason-
able long-term survival and are suitable for bridging to 
transplant candidacy as well as DT. In our overall LVAD 
population, we report promising survival rates of 77% 
and 74% at 1 and 2 years, respectively. Patients requir-
ing long-term support are increasingly susceptible to 
infection and device malfunction in comparison to the 
overall LVAD population.

Our survival rates of 77% at 1 year and 74% at 2 years 
are comparable to those in the large INTERMACS 
registry as well as those of several smaller centre analy-
ses.10,16–18 Increasing experience with device implantation 
and optimal clinical management of patients has led to 
improved outcomes in patients with LVADs. The first 
HMII trial reported a survival of 68%,3 which has now 
improved to 85%.20 In regards to long-term LVAD sup-
port, the HMII DT trial reported 2-year survival rates 
increasing from 58% to 63% in the current era.21 We 

report lower mortality at our centre, potentially attribu
table to our rigorous patient selection process and inter-
professional LVAD education. Notably, our results 
implicated the index admission as the highest-risk time 
period for LVAD mortality, implicating patient selec-
tion as a major contributor. This holds promise for 
long-term LVAD support, which holds a mortality risk 
of 8% per year and decreases in relation to years of 
support. Our results serve as a reminder that overall 
outcomes for patients with HF have improved signifi-
cantly. In the REMATCH trial, long-term (2 yr) sur-
vival was 8%.8 Although the HM1 was able to increase 
survival to 23%, nonpulsatile devices have improved 
that value to more than 60%.20 This illustrates that pro-
longed LVAD support is beneficial as both bridge to 
transplant as well as DT.

Patient baseline characteristics, LOS and time to 
transplant were akin to those previously reported in the 
literature and similar to that of the general LVAD popu-
lation.10,16–19,21 The limited literature examining postop-
erative LOS in the LVAD population varies widely, 
ranging from 17 days to 25 days.16,18 Compared with 
other centres, our centre leans toward having increased 
length of postoperative stays. At present in our centre, 
patients are discharged directly home after LVAD 
implantation, contrary to other institutions where 

Fig. 1. Competing risk outcomes depiction for long-term left ventricular assist device (LVAD) support. The sum of the 
proportion of patients reaching the indicated end points equals 1.0 for each time point.
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patients are transferred to rehabilitation centres before 
discharge home. This is due to the lack of “alternate 
level of care” centres that accept LVAD-supported 
patients, which likely explains our increased postopera-
tive hospital stays.

Readmissions in the general LVAD population have 
implicated bleeding, cardiac anomalies and infections as 
the major causative reasons, in order of prevalence.16–19 In 
contrast, reasons for 30-day readmissions were somewhat 
different, with recurrent HF taking the lead, followed by 
gastrointestinal bleeding.22 Long-term LVAD support 
predisposes patients to readmissions due to infections as 
opposed to bleeding events. Interestingly, unlike the 
overall LVAD population who were at increased risk of 
LVAD-related infections, the present population experi-
enced increased admissions due to systemic sepsis. We 
must strive to reduce infections predominantly via 
increased patient education, focusing on long-term sup-

port and exploring prophylactic antibiotics options in 
high-risk groups. Contrary to our findings, Takeda and 
colleagues23 found that bleeding, cardiac causes and 
device-related morbidity were the leading causes of read-
missions in long-term support. This discrepancy could be 
due to the difference in mean follow-up time between the 
studies. We followed patients for an average of 2 years 
and noticed a readmissions peak during the first year of 
support, which subsequently plateaued. Other studies 
have found similar peak readmissions at 1 year and then 
subsequently at 3 years.23 It would be worthwhile to fur-
ther assess these readmissions in order to reduce patient 
morbidity and mortality. Of note, there was a subset of 
4 (11%) patients who made up more than 40% (55 read-
missions) of the total number of readmissions. To our 
knowledge, the present study was the first of its kind 
examining procedures sustained by patients during read-
missions. Notably, although endoscopy, LVAD changes 

Fig. 2. A) Total readmission days were 1499, with the average being 41 days. B) There were a total of 129 readmissions among 
patients with prolonged left ventricular assist device (LVAD) support, with the average being 3 readmissions per patient. Although 
most patients (75%) were admitted at least once, 23% of patients had 5 or more readmissions and 10% of patients had more than 
10 readmissions. C) The median time to first readmission was 106 days. More than 60% of patients were admitted within the first 
year of support (range of 1–584/603 days [latest readmitted/never readmitted]). The mean and median length of stay were 7 days and 
5.5 days, respectively.
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Fig. 3. A) Reason for readmission (Interagency Registry for Mechanically Assisted Circulatory Support 2015). B) Etiol
ogies for infection-related readmissions in patients with long-term left ventricular assist device (LVAD) support. 
C) Causes of device malfunction in long-term LVAD readmissions. CNS = central nervous system.
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PICC = peripherally inserted central catheter; TAVi = transcatheter aortic valve implantation; VT = ventricular tachycardia.
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Fig. 5. Kaplan–Meier curve for overall survival in patients with prolonged left ventricular assist device (LVAD) support. There 
were no significant differences in mortality between those who were readmitted and those who were not (log rank = 0.294).
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Fig. 6. Kaplan–Meier curves for transplant wait times in patients with prolonged left ventricular assist device (LVAD) sup-
port. There were significant differences in transplant wait times in the readmitted versus nonreadmitted group (log 
rank = 0.02).
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and transfusions were common in our patient cohort, 
most readmissions amounted to supportive care without 
additional procedures.

Although readmissions did not have a significant 
impact on overall mortality, they did increase time to 
transplant and support times. This delay could have 
been be due to procedures, particularly transfusions 
given to patients with bleeding complications. Addition-
ally, patients enduring long-term LVAD support had 
significantly higher freedom from first readmission 
(106 d v. 51 d), suggesting that hospital admissions may 
play a role in time to transplant.16 It would be pertinent 
to further explore these variables and their effects on 
transplantation.

In the context of inadequate donor hearts as well as 
patient contraindications to surgery, there is active dis-
cussion surrounding CF-LVADs as an alternative to car-
diac transplants. According to the International Heart 
Transplant registry, the current 1- and 5-year survival 
rates are 81% and 69%, respectively.24 Data from the 
INTERMACS registry on 1160 DT patients highlighted 
1- and 2-year survival rates of 88% and 80%, respect
ively, in selected low risk patients.10 Additionally, Takeda 
and colleagues23 showed similar survival rates in their 
long-term supported patients. Our survival data also sup-
port prolonged use of CF-LVADs. That being said, 
although existing data are strongly suggestive of the need 
for a controlled trial, it is difficult to make conclusions 
on the best treatment option. Additionally, owing to fre-
quent readmissions in this population, patient quality 
of  life and health care costs must be considered as per
tinent outcomes.

Limitations

The present study had the limitations of a descriptive 
retrospective analysis and had a small sample size. We 
are not funded for DT therapy, thus our DT popula-
tion is relatively small compared with those of other 
series. There are a number of large multicentre studies 
depicting excellent outcomes in patients with LVADs 
supported for prolonged periods. The strengths of the 
present single-centre study were the consistent strat
egies in patient selection, operative procedure and post-
operative care. Additionally, our centre serves a wide 
catchment area and is one of the largest LVAD centres 
in the country. Thus we believe the findings from our 
study should pertain to the general Canadian LVAD 
population. Furthermore, our study provided detailed 
analysis of readmissions and procedures that are not 
sufficiently addressed in multicentre studies. The 
INTERMACS registry demonstrates that patients have 
long support durations regardless of the initial implant 
approach.25 We did not capture readmissions to other 
hospitals; however, because our hospital is the only 

LVAD-specialized centre in the region, it is unlikely 
that patients would have been readmitted elsewhere for 
LVAD-related concerns. Finally, self-assessments of 
quality of life would have provided a much-needed 
patient perspective.

Conclusion

Continuous-flow LVADs provide satisfactory long-
term outcomes and are suitable for bridging to trans-
plant candidacy as well as DT. Patients requiring 
long-term support may be less susceptible to major 
bleeds but increasingly susceptible to infection and 
device malfunction. Furthermore, the incidence of 
postoperative infections may serve as a strong pre
dictor of future readmission to hospital. Our study 
provides novel Canadian data that describe resource 
utilization and clinical outcomes in patients receiving 
prolonged CF-LVAD support and, in our opinion, 
justifies the continued use of this therapy.
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