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Impact of Fried Frailty Phenotype on Postoperative Outcomes 
After Durable Contemporary Mechanical Circulatory Support: 

A Single-Center Experience

Temitope Ajibawoa, c , Priyank Chauhana, Radha Gopalanb

Abstract

Background: Frailty is prevalent in advanced heart failure patients 
and may help distinguish patients at risk of worse outcomes. How-
ever, the effect of frailty on postoperative clinical outcomes is still 
understudied. Therefore, we aim to study the relationship between 
frailty and postoperative clinical outcomes in patients undergoing 
long-term mechanical circulatory support (MCS).

Methods: Forty-six patients undergoing durable MCS (left ventricu-
lar assist device and total artificial heart) placement at our medical 
center were assessed for frailty pre-implant. Frailty was defined as ≥ 3 
physical components of the Fried frailty phenotype. Our primary end-
point is 1 year of survival post-implant. Secondary endpoints include 
30-day all-cause rehospitalization, pump thrombosis, neurological 
event (stroke/transient ischemic attack), gastrointestinal bleeding, 
and driveline infection within 12 months post-MCS support.

Results: Of the 46 patients, 32 (69%) met the criteria for frailty ac-
cording to Fried. The cohort’s median age was 67.0 years. The frail 
group had statistically significant lower left ventricular ejection frac-
tion (LVEF) (11% vs. 20%, P = 0.017) and lower albumin (3.5 vs. 4.0 
g/dL, P = 0.021). The frail cohort also had significantly higher rates 
of comorbid chronic kidney disease (47% vs. 7%, P = 0.016). There 
were no differences between the frail vs. non-frail group in terms of 
30-day readmission rates (40% vs. 39%, P = 0.927) and 1-year post-
intervention survival (log-rank, P = 0.165). None of the other second-
ary endpoints reached statistical significance, although the incidence 
of gastrointestinal bleed (24% vs. 16%, P = 0.689) and pump throm-
bosis (8% vs. 0%, P = 0.538) were higher in the frail group.

Conclusions: Preoperative Fried frailty was not associated with re-

admission at 30 days, mortality at 365 days, and other postoperative 
outcomes in long-term durable MCS patients. Findings may need fur-
ther validation in larger studies.

Keywords: Frailty; Mechanical circulatory support; Outcomes; Re-
hospitalization; Survival

Introduction

The dawn of lasting continuous-flow pumps and inadequate 
organ donors for heart transplants have resulted in the utiliza-
tion of mechanical circulatory support (MCS) in the care of 
subjects with end-stage heart failure [1]. Implantation of MCS 
such as left ventricular assist devices (LVAD) and total artifi-
cial heart (TAH) are acceptable treatment options for patients 
with advanced heart failure [2, 3]. MCS improves symptoms 
and quality of life of subjects with advanced heart failure by 
promoting sufficient organ perfusion and reinstating cardiac 
output [4, 5]. Frailty commonly coexists and is very prevalent 
among patients with advanced heart failure [6, 7]. Heart failure 
prevalence also increases six to seven times with worsening 
severity of frailty [8].

Frailty is a syndrome marked by increased vulnerability to 
adverse outcomes and reduced physiologic reserve [6]. Frailty 
has been linked with adverse effects such as the increased risk 
of death, poor compliance with treatment, increased risk of 
hospitalization in patients undergoing cardiac surgery, tran-
scatheter aortic valve replacement, and heart failure [8, 9, 10, 
11]. Because of the strong relationship between frailty and ad-
verse health outcomes, there have been increased calls for rou-
tine application of frailty measurement for risk stratification of 
advanced heart failure patients [6]. Frailty status screening can 
enable prudent utilization of health care resources and helps 
with disease prognostication in addition to the appropriate se-
lection of heart failure patients that are likely to benefit from 
advanced therapies such as placement of MCS [6].

Measurement of frailty status depends on mobility, func-
tional level, strength, and cognitive status [12, 13]. Frailty 
status in patients undergoing durable MCS, especially TAH, 
is still understudied, and systematized measurement of frail-
ty has not been wholly imbibed as routine in cardiovascular 
practice. Based on the above reasons, we aim to determine the 
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association of frailty status with 1-year all-cause mortality, 30-
day readmission, and other postoperative outcomes.

Materials and Methods

All patients undergoing placement of long-term MCS (LVAD 
or TAH) irrespective of the aim of surgery: bridge to trans-
plant (BTT) or destination therapy (DT), between May 2018 
and August 2020, were recruited for our study. We excluded 
three patients who did not have preoperative frailty status as-
sessment. This study was conducted with the ethical standards 
of our institution on humans and the Helsinki Declaration. Our 
hospital’s Institutional Review Board reviewed and approved 
the study protocol.

Determination of frailty status

Frailty status was determined using the Fried frailty pheno-
type, and all the five domains were assessed before the implant 
ation of MCS. The five domains of Fried frailty phenotype as-
sessed include self-reported exhaustion, grip strength, slow 
gait speed, reduced physical activity, and weight loss [14]. Pa-
tients were determined to be frail if the Fried frailty phenotype 
had three or more physical domains. Frailty was evaluated us-
ing Fried criteria as follows [14]. Unintentional weight loss 
was described as weight loss greater than 10 pounds or 5% 
of previous body weight in the last year [15]. Exhaustion was 
described as “yes” to any of these: “I perceive that everything 
that I did was an effort” and/or “I could not get going” at least 
3 days per week. Criteria for slow gait speed were adjusted for 
height and gender and was defined as the time to walk 15 feet: 
female, height ≤ 1.59 m ≥ 7 s, height > 1.59 m ≥ 6 s; males, 
height ≤ 1.73 m ≥ 7 s, height >1.73 m ≥ 6 s [14]. Low physi-
cal activity was defined based on the standard algorithm of 
the shortened version of Minnesota leisure time activity (males 
expending less than 83 kcal/week and females spending less 
than 270). Grip strength was adjusted for body mass index and 
gender as defined by Fried et al [14].

Baseline variables

Baseline laboratory values: hemoglobin (g/dL), serum albu-
min (g/dL), total serum protein (g/dL) and prealbumin (mg/
dL) was defined by values 24 hours prior to the implantation 
of MCS. Comorbidities of chronic obstructive pulmonary dis-
ease, sleep apnea, malignancy, depression, atrial fibrillation, 
cerebrovascular disease, and diabetes mellitus were defined by 
physician’s diagnoses obtained from the chart. Chronic kid-
ney disease was described as an estimated glomerular filtration 
rate of less than 60 mL/min utilizing the renal disease equa-
tion [16]. The Interagency Registry for Mechanically Assisted 
Circulatory Support (INTERMACS) profile score before MCS 
implantation varies from score 1 (critical cardiogenic shock) to 
7 (advanced New York Heart Association class III symptoms) 
[17].

Outcome measures

The primary endpoint was 1-year post-intervention survival. 
The secondary endpoints include incidence of 30-day readmis-
sions, gastrointestinal bleeding, neurological events (ischemic 
and hemorrhagic stroke), pump thrombosis, and driveline infec-
tion withins 12 months post-implantation.

Statistical analysis

The data were entered and stored into a secure RED cap data-
base designated for the study. Dichotomous data were expressed 
as numbers (n) and percentages (%). Continuous data were ex-
pressed as mean ± standard deviation for normally distributed 
data or median (interquartile range) for non-normally distrib-
uted variables. Student’s t-tests or Mann-Whitney U tests were 
used to compare normally, or non-normally distributed con-
tinuous variables. Normality was tested using the Kolmogorov-
Smirnov test. Pearson’s Chi-square or Fisher’s exact test was 
used to compare dichotomous variables depending on whether 
one or more expected cell frequency was less than 5. For surviv-
al estimates, survival time was defined as the time between the 
date of mechanical support implantation and the date of death or 
censoring (365 days from the time of MCS implant or date of 
heart transplant). The three patients that underwent heart trans-
plantation within the following year were censored for estima-
tion of survival estimates. The Kaplan-Meier curves estimated 
the association between frailty status and 1-year survival. The 
differences were examined with the log-rank test. Analysis was 
done using the Statistical Package for Social Sciences, version 
28.0 (SPSS IBM., Armonk, NY, USA). A P values ≤ 0.05 was 
regarded as statistically significant.

Results

Out of the 46 patients who underwent MCS (TAH or LVAD) 
implantation at our institution, 32 (69%) patients were deter-
mined to be frail preoperatively according to the Fried frailty 
phenotype. Forty patients were implanted with LVAD (Heart-
Ware ventricular assist device or Heartmate III), and six pa-
tients received SynCardia TAH. Twenty-six and 14 patients 
were implanted with Heartmate III and HeartWare ventricular 
assist device, respectively. The demographics, comorbidities, 
and laboratory parameters of the patients are presented in Ta-
ble 1. Frailty was associated with lower serum albumin (g/dL) 
and left ventricular ejection fraction (%). Frail patients were 
more likely to have chronic kidney disease preoperatively.

Fried frailty phenotype and outcomes

Survival estimates were censored at 365 days from the date 
of durable MCS implantation and stratified by frailty status. 
There were no differences in overall survival between the 
frail group compared with the non-frail group on any durable 
MCS (Fig. 1), log-rank (Mantel-Cox), P = 0.165. In addition, 
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there was no difference in survival between nonfrail and frail 
patients supported by LVAD only (Fig. 2), log-rank (Mantel-
Cox), P = 0.233. No difference in survival estimates was ob-
served between the two groups (frail and non-frail) supported 
by TAH (Fig. 3), log-rank (Mantel-Cox), P = 0.466.

Eight patients died during the index hospitalization for place-
ment of durable MCS, and they were excluded from the analysis 
of the 30-day readmission and other secondary endpoints.

There was no difference in 30-day readmission rates be-
tween the frail and non-frail groups supported by any durable 
MCS (P = 0.927). The results of other secondary end outcomes 
are shown in Table 2.

Discussion

We performed this study to investigate if Fried frailty status 

has an impact on short-term and long-term outcomes in pa-
tients undergoing MCS placement. The principal findings of 
this study include: 1) There were no statistically significant 
differences in survival estimates between frail and non-frail 
patients supported by all durable MCS, LVAD, and TAH; 2) 
There were no differences in 30-day all-cause rehospitaliza-
tion rates and other secondary outcomes.

Frailty is a complicated medical syndrome linked with 
biological aging compared to chronological age [18]. In addi-
tion, frailty and heart failure share a similar pathophysiological 
pathway of inflammation and abnormal hormonal regulation 
that makes patients prone to adverse outcomes on exposure to 
stressors such as MCS placement [19, 20].

There was no difference in 1-year survival estimates be-
tween the two groups of frail and non-frail patients on any du-
rable MCS. But we noticed that frail patients trended towards 
lower survival rates at 1 year. In addition, seven out of eight 

Table 1.  Baseline Demographics, Comorbidities, and Biochemical Parameters According to Fried Frailty Status

Variables Total (n = 46) Non-frail (n = 14) Frail (n = 32) P value
Age (years), median (IQR) 67 (60, 71) 66 (55,73) 68 (58, 71) 0.867
Gender, n (%) 1.000
  Female 8 (17%) 2 (14%) 6 (19%)
  Male 38 (83%) 12 (86%) 26 (81%)
Device type, n (%) 0.651
  LVAD 40 (87%) 13 (93%) 27 (84%)
  TAH 6 (13%) 1 (7%) 6 (16%)
Ischemic etiology, n (%) 23 (50%) 8 (57%) 15 (47%) 0.688
LVEF (%), median (IQR) 15 (10, 20) 20 (10, 25) 11 (10, 15) 0.017
Comorbidities, n (%)
  DM 17 (37%) 7 (50%) 10 (31%) 0.225
  COPD 8 (17%) 2 (14%) 6 (19%) 1.000
  Malignancy 8 (17%) 3 (21%) 5 (16%) 0.684
  Depression 7 (15%) 0 (0) 7 (22%) 0.083
  Obstructive sleep apnea 7 (15%) 2 (14%) 5 (16%) 1.000
  Atrial fibrillation 21 (46%) 6 (43%) 15 (47%) 0.801
  CKD 16 (35%) 1 (7%) 15 (47%) 0.016
Lab parameters, median (IQR)
  Albumin (g/dL) 3.6 (3.2, 4.0) 4.0 (3.5, 4.2) 3.5 (3.2, 3.7) 0.021
  Prealbumin (mg/dL) 15 (13, 19) 15 (12, 21) 15 (13, 18) 0.867
  Total protein (g/dL) 6.4 (5.9, 6.9) 6.4 (5.7, 7.1) 6.4 (6.0, 6.8) 0.858
  Hemoglobin (g/dL) 9.8 (8.7, 10.7) 9.3 (8.5, 10.5) 9.8 (8.5, 10.7) 0.702
INTERMACS profile (0 - 7) 3.0 (2.8, 3.0) 3.0 (2.8, 4.0) 3.0 (2.3, 3.0) 0.177
Aim of surgery, n (%) 0.497
  BTT 14 (30%) 3 (21%) 11 (34%)
  DT 32 (70%) 11 (79%) 21 (66%)

IQR: interquartile range; LVAD: left ventricular assist device; TAH: total artificial heart; LVEF: left ventricular ejection fraction; DM: diabetes mellitus; 
COPD: chronic obstructive pulmonary disease; CKD: chronic kidney disease; INTERMACS: Interagency Registry for Mechanically Assisted Circula-
tory Support; BTT: bridge to transplant; DT: destination therapy.
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patients that died during the index hospitalization for mechani-
cal support placement were determined to be frail preopera-
tively. These observations may be explained by the inadequate 
number of deceased patients for analysis of the survival esti-
mates.

Different studies have shown that preoperative frail pa-
tients have no statistically significant difference in long-term 
survival rates compared to non-frail patients after placement 
of mechanical support like our study. For example, Uzun et 
al reported no significant difference in all-cause mortality at 1 
year after LVAD for the frail vs. non-frail subjects [20]. How-
ever, the study reported higher mortality rates (11% vs. 27%, P 
= 0.3) among non-frail patients. In another recent study of 107 
BTT durable MCSs in Australia, there was no difference in 
mortality at 1 year between frail vs. non-frail patients (15.8% 
vs. 6.9%, P = 0.19) in patients supported with LVAD [21]. In 
another analysis, Joseph et al showed similar mortality rates 
between the two groups, with a mortality rate of 32% in frail 
patients versus 29% in non-frail patients (P = 1.00) [19].

In contrast to our findings, some studies have shown de-
creased survival in frail patients compared to non-frail after 
MCS implantation. For example, Dunlay et al reported a step-
wise rise in 1-year mortality with increasing frailty defined by 
deficit index. In the study, the 1-year mortality rates of interme-
diate frail and frail patients (21.2% and 39.9%) were higher in 

comparison with non-frail patients (16.2%, P = 0.007) [22]. In 
a more extensive study of the INTERMACS database of 2,469 
DT LVAD patients, the 1-year mortality rate was higher for pa-
tients assessed to be frail by the provider compared to non-frail 
(26.4 % vs. 18.9%, P = 0.01) [23]. Despite the conflicting results 
in the literature, frailty predisposes subjects to lower resistance 
against stressors such as mechanical support placement; these 
patients often take longer to recuperate, and subsequently stay 
longer in the hospital, predisposing them to poor outcomes such 
as deep venous thrombosis or hospital-acquired pneumonia 
[18]. Moreover, frailty creates an inflammatory milieu which 
increases oxidative stress by forming reactive oxygen species 
that creates an arrhythmogenic media predisposing subjects to 
ventricular arrhythmias and sudden death [24].

There were no differences in the age at the time of MCS 
implantation between frail and non-frail patients. Prior stud-
ies have reported a lack of relationship between chronological 
age and frailty in individuals undergoing durable MCS [19, 
20, 25]. For instance, one of the studies reported that the frail 
group were younger and suggested that other studies avoid 
exclusion of more youthful patients from frailty assessment 
before MCS placement [19]. This present finding underscores 
the construct that frailty is a reflective of biological age rather 
than chronological age.

We hypothesized that 30-day readmission rates would be 

Figure 1. Survival categorized by frailty phenotype in the whole cohort with long-term mechanical circulatory support.
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higher in frail patients after MCS implantation. Our findings 
showed similar 30-day readmission rates between the frail and 
non-frail groups after MCS implantation (40% vs. 39%, P = 
0.927). A smaller previous study by Falls et al reported con-
flicting results. In the study, frail subjects were less likely to be 
rehospitalized within 30 days after discharge for LVAD place-
ment compared to non-frail, (P = 0.033) [26]. Notwithstanding, 
30-day readmissions are common, associated with an increased 
financial burden, and negatively influences the quality of life of 
these patients [27]. Furthermore, 30-day rehospitalizations has 
been previously associated with increased long-term mortality 
after LVAD support [27]. Therefore, the impact of frailty status 
in prognosticating early rehospitalization within 30 days needs 
further evaluation in larger multi-center studies.

Another finding in this study was the significantly lower 
serum albumin levels among preoperative frail patients. Inter-
estingly, lower serum albumin levels have been linked with 
frailty in prior studies [28, 29]. Serum albumin levels are 
biomarkers for inflammation, nutritional state, and overall 
catabolic status [30-32]. In a previous study of the relation of 
preoperative serum albumin to survival in LVAD recipients, 
preoperative hypoalbuminemia (< 3.5 g/dL) was associated 
with poorer survival estimates at 3 months and 12 months after 
LVAD implantation [33]. Therefore, this finding in our study 
adds to the literature by underscoring the importance of pre-

operative nutritional assessment and nutrition intervention in 
addressing frailty in mechanical support recipients.

While MCS devices have been shown to improve survival 
and quality of life in selected patients, it has also been associat-
ed with complications such as cerebrovascular accidents, gas-
trointestinal bleeding, thrombosis, and device-associated in-
fections [34]. We did not find any prior studies in the literature 
that studied postoperative outcomes of driveline infections, 
pump thrombosis and neurological events in relation to preop-
erative frailty status prior to implantation of long-term durable 
mechanical circulatory devices. Gastrointestinal bleeding is 
one of the most complications in recipients of durable MCS. 
The mechanisms involved in gastrointestinal bleeding are 
gastrointestinal tract angiodysplasia development, abnormal 
platelet aggregation, overutilization of anticoagulants, and ac-
quired von Willebrand disease [35]. In addition, the proposed 
mechanism of thrombosis in frailty involves higher levels of 
inflammatory activation seen in frailty which can cause co-
agulopathy and thus, increase the risk of thrombotic events 
[36, 37] None of the secondary endpoints reached statistical 
significance despite the higher incidence of pump thrombosis 
and gastrointestinal bleeding in frail patients. A possible ex-
planation for this may be due to the a small number of adverse 
events experienced in our study. The next step is to investi-
gate these secondary outcomes with a larger sample size over 

Figure 2. Survival stratified according to Fried frailty phenotype in LVAD recipients only.
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a longer period than 1 year.
Our study has limitations that should be given due consid-

eration. First, this is a single-center study, and outcomes were 
explored with 1 year of mechanical support. Because this is 
a single-center study, results may not be generalizable to the 
whole population of MCS patients. Due to our mid-volume 
center’s sample size, statistical tests may have been insuffi-
ciently powered to detect differences in 1-year survival rates.

Conclusions

Frailty status determined by Fried frailty phenotype did not 
impact our study’s short-term and long-term outcomes. How-
ever, as this is a single-center study and most of the studies 
found in the literature are also based on single-center findings, 
we recommend further multi-center studies to provide further 

details on the association of frailty status with postoperative 
outcomes of contemporary durable MCS.
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