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Abstract

Aims Assessing frailty and sarcopenia is considered a valuable cornerstone of perioperative risk stratification in advanced
heart failure patients. The lack of an international consensus on a diagnostic standard impedes its implementation in the
clinical routine. This study aimed to compare the feasibility and prognostic impact of different assessment tools in patients
undergoing continuous-flow left ventricular assist device (cf-LVAD) implantation.
Methods and results We prospectively compared feasibility and prognostic values of six frailty/sarcopenia assessment
methods in 94 patients prior to cf-LVAD implantation: bioelectrical impedance analysis (BIA), computed tomography
(CT)-based measurement of two muscle areas/body surface area [erector spinae muscle (TMESA/BSA) and iliopsoas muscle
(TPA/BSA)], physical performance tests [grip strength, 6 min walk test (6MWT)] and Rockwood Clinical Frailty Scale (RCFS).
Six-month mortality and/or prolonged ventilation time >95 h was defined as the primary endpoint. BIA and CT showed full
feasibility (100%); physical performance and RCFS was limited due to patients’ clinical status (feasibility: 87% grip strength,
62% 6MWT, 88% RCFS). Phase angle derived by BIA showed the best results regarding the prognostic value for 6 month
mortality and/or prolonged ventilation time >95 h (odds ratio (OR) 0.66 [95% confidence interval (CI): 0.46–0.92],
P = 0.019; area under the curve (AUC) 0.65). It provided incremental value to the clinical risk assessment of EuroSCORE II:
C-index of the combined model was 0.75 [95% CI; 0.651–0.848] compared with C-index of EuroSCORE II alone, which was
0.73 (95% CI: 0.633–0.835).
Six-month survival was decreased in patients with reduced body cell mass derived by BIA or reduced muscle area in the CT
scan compared with patients with normal values: body cell mass 65% (95% CI: 51.8–81.6%) vs. 83% (95% CI: 74.0–93.9%);
P = 0.03, TMESA/BSA 65% (95% CI: 51.2–82.2%) vs. 82% (95% CI: 73.2–93.0%); P = 0.032 and TPA/BSA 66% (95% CI:
53.7–81.0%) vs. 85% (95% CI: 75.0–95.8%); P = 0.035.
Conclusions Bioelectrical impedance analysis parameters and CT measurements were shown to be suitable to predict
6-month mortality and/or prolonged ventilation time >95 h in patients with advanced heart failure prior to cf-LVAD
implantation. Phase angle had the best predictive capacity and sarcopenia diagnosed by reduced body cell mass in BIA or
muscle area in CT was associated with a decreased 6 month survival.
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Introduction

Identifying patients who are suitable for continuous-flow left
ventricular assist device (cf-LVAD) implantation remains
crucial, especially prior to early implantation [Interagency
Registry for Mechanically Assisted Circulatory Support Scale
(INTERMACS) level ≥IV] and in view of the rising number of
implantations as destination therapy.1,2 A chronological age
over 65 years appears to adversely affect the results of
cf-LVAD surgery.3,4 However, the prognostic impact of frailty,
as a surrogate for advanced biological age, on the outcome is
considered to be superior in cardiac patients.5,6,7 Moreover,
several trials have identified frailty as an important risk factor
for an adverse outcome after cf-LVAD implantation.5,8,9,10 Ac-
cordingly, the current European Association of Cardiothoracic
Surgery (EACTS) expert consensus paper concerning
long-term mechanical circulatory support recommends the
evaluation of frailty prior to cf-LVAD implantation.11

Frailty is a potentially reversible state characterized by a
reduced resilience against stressors due to a multifactorial
process resulting in an instability of homoeostasis.12,13 The
clinical manifestation resembles symptoms of advanced heart
failure (AHF), including exhaustion, weakness and cachexia,
which lead to exercise intolerance, sarcopenia and depen-
dency on help.14 A joint pathological pathway is suspected;
therefore, distinguishing frailty from the symptoms of heart
failure remains extraordinarily challenging10,15: Depending
on the cohort and the assessment tool used, the estimated
prevalence of frailty in advanced heart failure patients varies
widely (7–70%) in different studies, but overall appears to be
increased compared with the general population.5,9,16,17

Physicians’ options for frailty evaluation include bioelectri-
cal impedance analysis (BIA), image-supported measurement
of muscle areas, physical performance tests and question-
naires. To date, an internationally acknowledged consensus
on a diagnostic gold standard is lacking. This hampers the im-
plementation of frailty assessments in the routine evaluation
of patients.

Addressing this unmet clinical need, this study was de-
signed to prospectively compare different frailty assessment
tools in advanced heart failure patients prior to cf-LVAD
implantation with regard to their feasibility and prognostic
impact.

Materials and methods

1. Frailty assessments

a. Bioelectrical impedance analysis
Bioelectrical impedance analysis estimates the body’s compo-
sition by measuring tissue resistance at different frequencies.
While body fluids resemble an ohmic resistance, cells act like

a capacitor. The phase angle is calculated from the resulting
phase shift between current and voltage in the current cir-
cuit. Independently from body weight, it allows for measuring
three major prognostic domains18: cell integrity as a marker
of frailty/biological age, quantitative body cell mass as a sur-
rogate for sarcopenia and fluid balance estimation as an indi-
cator of the decompensation state of heart failure.19–24 As
previously described by Mullie et al., a phase angle ≤4.5°
was defined as frail.24 Body cell mass ≤27 kg, total body water
≥50 L were defined as pathological according to the normal
values provided by the BIA device manufacturer Data Input
GmbH.25

We used the portable body composition analyser
NUTRIGUARD-MS (data input GmbH, Germany) for the BIA
measurement. The setup was standardized according to
the manufacturer’s recommendations and the European So-
ciety for Clinical Nutrition and Metabolism (ESPEN)
guidelines.25–27

b. Image-based sarcopenia assessments
As a diagnostic tool for sarcopenia, muscle quantity was
assessed by measuring the total muscle areas of the erector
spinae muscle (TMESA) at the level of thoracic vertebra
Th12 and of its physiological antagonist, the iliopsoas muscle
(TPA), at the level of lumbar vertebra L4 in a single, axial im-
age of a computed tomography (CT) scan.28,29 Both were
indexed for body surface area (BSA) which was calculated
using the DuBois formula to balance for body constitution.30

The threshold for sarcopenia was defined by TMESA/
BSA ≤ 17.2 cm2/m2, referring to the results of Minegishi
et al.31 With no comparable cut-off value in the literature,
the TPA/BSA cut-off was derived empirically from our data
with ≤12.5 cm2/m2.

c. Physical performance: grip strength and 6 minute walk
test
Muscle quality und functional status were evaluated using a
dynamometer (type SAEHAN™, Korea) to measure grip
strength.32–33 The mean of three consecutive measurements
was calculated. Patients were asked not to rest their arms on
their elbows and were allowed to take any position they
deemed comfortable. A reduced grip strength dependent
on gender and body mass index was defined according to
the cut-off chosen in the fried frailty phenotype and the rec-
ommendations of the European consensus on definition and
diagnosis of sarcopenia.12,14

A 6 minute walk test (6MWT) was performed according to
the guidelines of the American Thoracic Society.34,35 Here, a
walking distance ≤300 m, equalling a gait speed below
0.8 m/s as used in the fried frailty phenotype,12 or inability
to complete the started test with a walking time below
5 min was defined as impaired.
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d. Rockwood Clinical Frailty Scale
The Rockwood Clinical Frailty Scale is a nine-step scale that
allows physicians to evaluate frailty with regard to patients’
deficits, physical activity and their dependence on help to
manage their life.36 Frailty was defined as Classes 5–9 accord-
ing to Rockwood Clinical Frailty Scale.36

2. Study design

We prospectively evaluated six frailty/sarcopenia assess-
ments in patients prior to cf-LVAD implantation.

First, we compared the preoperative feasibility and restric-
tive factors of the assessments in our cohort.

Second, we calculated the predictive value of frailty test
results in two predefined outcome-related indicator groups:
Group A died within 6 months after surgery and/or had a pro-
longed postoperative mechanical ventilation time >95 h,
which has an economic impact according to the DRG (diagno-
sis-related groups) system.37–40 The combination of 6 month
mortality and prolonged ventilation time served as our
primary endpoint.

Biermann et al. described the definition of ventilation time
according to the DRG system in Germany: a ventilation time
>95 h is considered long-term ventilation.41 The starting
point is the connection to the ventilation machine, indepen-
dent of the mode. However, in case of intubation within the
scope of surgery, time on a ventilation machine is only con-
sidered ventilated time if it exceeds 24 h after the end of
surgery or if the patients were preoperatively ventilated.41

Therefore, patients without preoperative ventilation time
and who are extubated within 24 h after surgery were re-
corded with a ventilation time of 0 h. Group B was extubated
within 95 h and survived at least 6 months.

In a secondary analysis we evaluated the predictive value
of the assessments with respect to 6 month survival alone.

3. Patient cohort, clinical data, and data
collection

Frailty assessments were conducted as part of the evaluation
process in 94 patients who were referred to our centre for
advanced heart failure therapy (cf-LVAD implantation or
heart transplantation). The median time between frailty as-
sessment and surgery, along with a number of measure-
ments, is displayed in Figure 1. Twenty patients were
scheduled for heart transplantation and were initially listed
in a ‘high urgent’ status, but underwent emergency cf-LVAD
implantation due to clinical deterioration during the waiting
time. Their frailty assessments were carried out at the time
of listing in a ‘high urgent’ status for heart transplantation.

All measurements were conducted by the same specially
trained examiner.

Therapeutical decisions were made according to current
guidelines/intrahospital standards and were not influenced
by the results of the frailty assessments.11 Due to concerns
about exposure to radiation, only clinically indicated CT scans
were conducted and analysed. The intrahospital protocol for
patient evaluation for advanced heart failure therapies in-
cludes a preoperative CT scan to exclude malignancies and
current infection as well as surgical planning. The data were
collected and managed in a Research Electronic Data Capture
platform (REDCap) database.42 The trial was approved by the
ethics committee of the Charité—Universitätsmedizin Berlin
(EA2/236/17) and registered online (https://clinicaltrials.
gov/) under clinical registration number NCT04222400.

Figure 1 Feasibility of frailty/sarcopenia assessments. Number and percentage of patients, who participated in the measurements and description of
time between measurement and cf-LVAD implantation. Abbreviations: BIA = bioelectrical impedance analysis; TMESA/BSA = total muscle areas of the
erector spinae muscle/body surface area; TPA/BSA = total muscle areas of the iliopsoas muscle/body surface area; 6MWT = 6 minute walk test;
RCFS = Rockwood Clinical Frailty Scale.
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4. Statistical methods

Patients who were not able to perform the frailty assessment
were excluded from the affected calculations in the analysis.
Ordinal and nominal parameters were described in numbers
and percentages, with a χ2 test performed to compare data
between groups. Metric values were analysed using Stu-
dent’s t test or the Mann–Whitney U test, as appropriate.
For normally distributed values, the mean value with the
standard deviation was indicated; for other distributions,
the median with the first and third quartile was declared. A
receiver operating characteristic and the area under the
curve were (AUC) calculated for each frailty assessment. Uni-
variate logistic regression was calculated to determine the
odds ratio (OR). A multivariable logistic regression analysis
was conducted to adjust the three most promising frailty/sar-
copenia assessments for clinical risk factors represented by

EuroSCORE II and C-indices were compared. Survival of pa-
tients with normal test results vs. patients with pathological
findings (separately for each assessment) was graphically
displayed by Kaplan–Meier curves and compared by log-rank
test.

A P value<0.05 was considered significant. Statistical anal-
ysis was performed using the statistics program R Version
3.6.2. All p-values should be read descriptively.

Results

1. Baseline characteristics

Between April 2018 and February 2019, 110 AHF patients
underwent cf-LVAD implantation in our centre. Ninety-four

Table 1 Baseline characteristics

Overall cohort
Group comparison

Parameter Level (N = 94) Group A (N = 53) Group B (N = 41) P value

Gender Female 10 (10.6%) 5 (9.4%) 5 (12.2%) 0.926
Male 84 (89.4%) 48 (90.6%) 36 (87.8%)

Age (years) 59.00 [53.25, 65.00] 61.00 [55.00, 66.00] 58.00 [53.00, 63.00] 0.087
Weight (kg) 87.05 [76.15, 99.28] 88.70 [76.00, 103.00] 85.80 [77.30, 95.00] 0.617
Height (m) 1.78 (0.08) 1.76 (0.08) 1.80 (0.08) 0.076
Body surface (m2) 2.07 (0.20) 2.07 (0.23) 2.07 (0.17) 0.953
BMI (kg/m2) 27.50 [25.00, 32.00] 29.00 [25.00, 33.00] 27.00 [25.00, 30.00] 0.208
Disease CAD 49 (52.1%) 33 (62.3%) 16 (39.0%) 0.036

DCMP 41 (43.6%) 17 (32.1%) 24 (58.5%)
Other 4 (4.3%) 3 (5.7%) 1 (2.4%)

NYHA II 1 (1.1%) 0 (0.0%) 1 (2.4%) 0.21
III 28 (29.8%) 13 (24.5%) 15 (36.6%)
IV 65 (69.1%) 40 (75.5%) 25 (61.0%)

INTERMACS I 20 (21.3%) 15 (28.3%) 5 (12.2%) 0.262
II 33 (35.1%) 18 (34.0%) 15 (36.6%)
III 15 (16.0%) 8 (15.1%) 7 (17.1%)
IV 25 (26.6%) 11 (20.8%) 14 (34.1%)
VI 1 (1.1%) 1 (1.9%) 0 (0.0%)

EuroSCORE II (%) 17.87 [9.17, 29.04] 23.48 [14.32, 39.87] 13.05 [6.57, 18.67] <0.001
Inotropic score 8.29 [4.76, 17.44] 8.50 [5.25, 19.87] 6.08 [4.47, 15.60] 0.147
cf-LVAD HeartMate III 21 (22.3%) 12 (22.6%) 9 (22.0%) 1.000

HeartWare 73 (77.7%) 41 (77.4%) 32 (78.0%)
Haemoglobin (g/dL) 10.80 [9.30, 12.70] 10.60 [8.60, 12.00] 11.65 [10.12, 12.93] 0.043
Haematocrit (%) 33.20 [28.50, 38.40] 31.70 [26.30, 38.00] 35.10 [31.17, 39.08] 0.068
Creatinine (mg/dL) 1.40 [1.00, 1.90] 1.60 [1.20, 2.10] 1.30 [1.00, 1.63] 0.063
Albumin (g/dL) 3.10 [2.50, 3.50] 2.70 [2.10, 3.42] 3.40 [3.00, 3.60] 0.003
CRP (mg/dL) 2.80 [1.00, 8.50] 4.30 [1.40, 10.40] 1.60 [0.48, 4.62] 0.011
Bilirubin (mg/dL) 1.00 [0.68, 1.70] 1.00 [0.73, 1.70] 0.96 [0.66, 1.70] 0.519
NT-proBNP (pg/dL) 10,669.51(10,628.35) 12,395.49 (12,677.16) 8,766.51 (7,488.13) 0.123
Lactate (mg/dL) 9.00 [6.00, 12.00] 9.50 [7.75, 12.25] 6.00 [5.00, 10.50] 0.005
6 month mortality Yes 23 (24.5%) 23 (43.4%) 0 (0.0%)

No 71 (75.5%) 30 (56.6%) 41 (100.0%)
Survival time (days) 614 [286, 734] 477 [66, 644] 716 [596, 763] <0.001
Length of ICU stay (days) 17.50 [7.00, 40.25] 33.50 [14.50, 55.50] 7.00 [4.75, 15.50] <0.001
Length of stay (days) 45.00 [28.25, 82.75] 58.00 [35.00, 107.00] 36.00 [26.00, 58.00] 0.006
Ventilation time (hours) 106.50 [22.75, 626.25] 567.00 [239.00, 943.00] 22.00 [0.00, 34.00]

Baseline characteristics of all patients and comparison of patients with ventilation time >95 h and/or death within 6 months of surgery
(Group A) vs. patients with ventilation time<95 h andminimum survival of 6 months after surgery (Group B), Values are stated as number
(%), mean (standard deviation) or median [interquartile range], and groups were compared with Student’s t test, Mann–Whitney U test or
χ2 test as appropriate.
Abbreviations: BMI, body mass index; CAD, coronary artery disease; DCMP, dilated cardiomyopathy.
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(85%) adults were included in this analysis and gave written
informed consent. Fifteen patients were not asked due to lo-
gistical reasons, for example, patients who were referred
from another hospital directly to our operating room, with-
out time for a frailty assessment in between. One patient re-
fused participation. Baseline characteristics are displayed in
Table 1. The level of inotropic support is represented by the
inotropic score.43

Group A (adverse outcome) included 53 (56%) patients:
the overall 6 month mortality was 25%, and 48 (51%) patients
needed prolonged mechanical ventilation for more than 95 h.
Eighteen (38%) of the patients with prolonged ventilation
died within a period of 6 months.

2. Feasibility of the frailty assessments

No serious adverse events occurred during or after the
measurements. BIA and CT were available without limitation,
although one scan did not include level L4. Grip strength was
conducted in 82 (87%) patients and was limited mainly due to
cardiopulmonary instability (INTERMACS 1&2 or short-term
circulatory support) (n = 12; 13%). Limiting factors for the
availability of the 6MWT in 36 (38%) cases were low central
venous O2 saturation, haemodynamic instability despite ino-
tropic support or preoperative treatment in the intensive
care unit, including short-term circulatory support (n = 30;
32%) and sedation/preoperative mechanical ventilation alone
(n = 3; 3%). Symptoms most commonly reported by patients
during the 6MWT were shortness of breath, stable angina
pectoris, weakness and orthopaedic problems; in 3 (3%) pa-
tients these symptoms were so strong that they were not
able to proceed with the 6MWT. Conducting the Rockwood
Clinical Frailty Scale was not possible in 11 patients (Figure 1).

3. Comparison of the impact of frailty
assessments regarding the combined endpoint
(6 month mortality and/or prolonged ventilation)

Group A patients had a significantly lower phase angle com-
pared with those in group B. Further analysis of BIA parame-
ters showed a trend towards higher total body water and
extracellular water in patients of group A, whereas intracellu-
lar water and body cell mass did not differ significantly
between the two groups. All other frailty/sarcopenia assess-
ments showed no significant differences between the two
groups (Table 2: frailty/sarcopenia assessments). The phase
angle was shown to have an acceptable predictive power
for 6 month mortality and/or prolonged mechanical ventila-
tion (AUC 0.65 [95% CI: 0.535–0.758]), whereas all other
frailty/sarcopenia assessments failed to exhibit a predictive
power (AUC < 0.60).

The risk of belonging to Group A was reduced by 44% per
1° increase in phase angle. The groups showed a significant
increase in the risk for an adverse outcome per increase in
body water (4% per 1 L) and extracellular water (8% per
1 L). There was no significantly increased risk of belonging
to Group A by a decrease in body cell mass, muscle mass or
function (Figure 2).

Phase angle was not independently significant after
adjusting for clinical risk; however, adding phase angle to es-
tablished clinical risk factors represented by EuroSCORE II did
increase the discriminating power of the risk estimation: the
C-index of the combined model was 0.75 [95% confidence in-
terval (CI): 0.651–0.848) compared with EuroSCORE II alone
[C-index 0.73 (95% CI: 0.633–0.835)]. TPA/BSA showed a
trend towards significance; the combined model had the
highest discriminating power for the combined endpoint
[C-index 0.751 (95% CI: 0.652–0.850)] (see Figure 3).

4. Kaplan–Meier analysis for 6 month survival

The 6 month survival of the overall cohort was 75% (95% CI:
67.3–84.7%).

Reduced muscle mass, represented by body cell mass [65%
(95% CI: 51.7–81.6%) vs. 83% (95% CI: 74.0–93.9%); P = 0.03]
or reduced muscle area in the CT measurement [TMESA/BSA
65% (95% CI: 51.2–82.2%) vs. 82% (95% CI: 73.2–93.0%);
P = 0.032, and TPA/BSA 66% (95% CI: 53.7–81.0%) vs. 85%
(95% CI: 75.0–95.8%); P = 0.035] were associated with a re-
duced 6 month survival compared with normal muscle values,
whereas all other measurement were not; see Figure 4.

Discussion

Frailty assessments in advanced heart failure patients have
several limitations attributable to their failure to discriminate
between frailty and heart failure symptoms.10,15,44,45 An ac-
knowledged gold standard for diagnosis is not yet available
and validated cut-off values remain scarce for most measure-
ments, especially in terminally ill patients.

One of the most widely used assessments is the Fried
Frailty Phenotype developed by Fried et al.12 Jha et al. used
a modified version of this assessment to phenotype their ad-
vanced heart failure cohort prior to heart transplantation,
and found a prevalence of frailty in 33% of their patients with
an association between increased postoperative mortality
and frailty.46 They found also an association between frailty
and NYHA class, highlighting the overlap between heart fail-
ure symptoms and frailty.46 Accordingly, the ESC/HFA position
paper on frailty in advanced heart failure patients discusses
advantages and limitations of the fried frailty phenotype and
its single-item components, concluding that a tailored assess-
ment tool is necessary for advanced heart failure patients.10
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Therefore, we omitted self-reported exhaustion and low
physical activity due to the obvious difficulties of distinguish-
ing these parameters, especially in advanced heart failure
patients. We included BIA and estimation of the muscle areas
in a CT as two objective measurements of muscle mass. The
question about unintentional weight loss was abandoned,
because loss of body weight caused by sarcopenia may be
masked by oedema or induced by the use of diuretics in
advanced heart failure patients. We extracted the physical
performance assessment by estimating the walking ability
and grip strength from the fried frailty phenotype for our
analysis. We also included the Rockwood Clinical Frailty Scale.

Most frailty tools including the fried frailty phenotype are
validated for patients aged >65 years,12 while most patients
undergoing cf-LVAD implantation are younger. In large regis-

tries, 60% of patients undergoing cf-LVAD implantation are
aged 50–60 years and only 12% are older than 70 years.47

In our cohort, 73% of the patients were younger than
65 years.

Patient-centred outcomes, such as postsurgical quality of
life and physical abilities after cf-LVAD implantation may also
indicate a successful surgery, along with high survival rates.
20% of patients report a reduced quality of life after cf-LVAD
implantation.2 Prolonged postoperative ventilation is associ-
ated not only with higher mortality, but also with long-term
adverse outcomes like critical illness polyneuropathy and
myopathy, infections and psychological trauma.48 Economic
parameters are gaining importance as the costs of our health
care system rise. Ventilation weaning, especially after
prolonged ventilation, is highly dependent on muscle func-

Figure 3 Multivariable logistic regression analysis. Odds ratio and statement of the C-index of frailty/sarcopenia assessments adjusted for clinical risk
represented by EuroSCORE II in a multivariable logistic regression analysis for the endpoint 6-month mortality and/or ventilation time >95 h. Abbre-
viations: TMESA/BSA = total muscle areas of the erector spinae muscle/body surface area; TPA/BSA = total muscle areas of the iliopsoas muscle/body
surface area.

Figure 2 Univariable logistic regression analysis. Odds ratio of frailty/sarcopenia assessments for the endpoint 6 month mortality and/or ventilation
time >95 h. Abbreviations: CT = computed tomography; TMESA/BSA = total muscle areas of the erector spinae muscle/body surface area;
TPA/BSA = total muscle areas of the iliopsoas muscle/body surface area.

1044 L. Roehrich et al.

ESC Heart Failure 2022; 9: 1038–1049
DOI: 10.1002/ehf2.13764



tion; therefore, we assume a direct connection between
frailty/sarcopenia and the need for prolonged ventilation.

1. Feasibility of the frailty assessments

Of all evaluated methods, we were able to perform BIA in
100% of patients: Independently from active participation
and exercise tolerance, it can be performed at the bedside
with minimal time expenditure and no known negative side
effects.49 CT showed a comparable availability, but required
a greater logistical effort, especially in sedated patients. In
contrast to BIA, its usefulness for subsequent measurements
for monitoring progression of frailty is limited due to the side
effects of the radiation. If CT scans are performed as a rou-
tine evaluation tool for cf-LVAD implantation, it is important
for the protocol to be equivalent. In our cohort, CT was not
repeated if images were available from a CT scan performed
in the 12 months before; therefore, perfect comparability
was not given. In this situation, a CT scan may be of only lim-

ited value for assessing frailty and the durability of muscle
mass measurements needs to be further explored, because
short-term changes in muscle mass may not be represented
in older scans. Additionally, sicker patients tend to have
multiple and more recent CT scans available.

Because our cohort included patients across all INTERMACS
levels, physical performance was not available for every pa-
tient. Furthermore, heart failure symptoms limited patients’
physical activity, including the measurement thereof. Simi-
larly, in their retrospective analysis of INTERMACS registry
data Cooper et al. reported that 42% of patients were too sick
to perform the 6MWT prior to cf-LVAD implantation, which is
consistent with our findings.50 Joseph et al. reported equiva-
lent results in their cohort of 75 prospective LVAD patients:
41% of patients were not able to proceed with the 5 m gait
speed test.8 According to the current INTERMACS report more
than 50% of LVAD patients are reported as being in
INTERMACS Level I and II prior to implantation.51 Therefore,
we regard availability of the assessment tool even in the most
severely ill patients as absolutely essential.

Figure 4 Six-month survival—patients with normal measurement results (Group 1) vs. patient with reduced results (Group 2). Abbreviations:
BCM = body cell mass; TMESA/BSA = total muscle areas of the erector spinae muscle/body surface area; TPA/BSA = total muscle areas of the iliopsoas
muscle/body surface area; 6MWT = 6 min walk test; RCFS = Rockwood Clinical Frailty Scale.
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2. Outcome evaluation

a. Bioelectrical impedance analysis
In our cohort, phase angle showed the best predictive value
regarding our primary endpoint compared with the other
methods assessed, and patients with a lower body cell mass
had a significantly lower 6 month survival: Lower phase
angle, which is influenced by body water and cell mass, was
associated with the endpoint and the risk of an adverse
outcome increased by 44% per decreased degree in phase
angle. Phase angle increased the discriminating power of
established risk factors, represented here by EuroSCORE II,
in the combined model for the combined endpoint. Mullie
et al. described an association between lower phase angle
and frailty diagnosed by the Short Physical Performance
Battery and the fried frailty phenotype in cardiosurgical
patients.24 Higher body water in patients with adverse out-
comes may indicate a reduced cell quality as a surrogate for
frailty and/or higher congestion. To differentiate the impact
of congestion on the phase angle from the influence of frailty
on the phase angle, sequential measurements with a compar-
ison to development of body weight, oedema, and muscle
mass over a time period should be part of further research.

b. Computed tomography-based evaluation of the muscle
areas
TMESA/BSA and TPA/BSA showed no predictive value for the
combined endpoint of 6 month mortality and/or prolonged
ventilation time>95 h, but patients with a lower muscle area
of both core muscles exhibited a significantly worse 6 month
survival. To the best of our knowledge, this is the first analysis
of TMESA/BSA in the context of cf-LVAD implantation;
however, Minegishi et al. reported an association between
TMESA/BSA and an unfavourable outcome after
pneumonia.31 Miller et al. found an increased 30 day mortal-
ity or prolonged hospital stay in patients with a reduced
TMESA area standardized for body height after lobectomy.28

In combination with a clinical risk assessment, TPA/BSA
showed a trend towards significance and increased the dis-
criminating power of EuroSCORE II. The impact of sarcopenia
diagnosed by TPA in patients after cf-LVAD implantation on
prolonged hospital stay or inpatient death was previously de-
scribed by Heberton et al.29; however, they could not find a
significant difference in the overall 3 year mortality. Their
measurement modalities differed slightly from ours, there-
fore, we were unable to use their cut-off value, but their
results on a suitable cut-off were comparable with ours
(12.0 cm2/m2 for males vs 12.5 cm2/m2 in our mostly male
cohort).

Calculations regarding muscle density, which could provide
more information about the fat and water content in the
muscles, were limited due to the difference in contrast agent
utilization in our cohort and alterations in contrast agent

travel time due to the impaired cardiac output, which allows
no appropriate adjustment for these confounders.52

c. Physical performance tests
Physical performance is reported to be impaired in AHF
patients due to a floor effect caused by the nature of the
disease.8,10 Joseph et al. studied the predictive value of grip
strength prior to cf-VAD implantation in 75 patients; how-
ever, they too were unable to find an association between
in-hospital death and prolonged hospital stay or ventilation
time and grip strength.8 In accordance with these findings re-
duced grip strength did not reach significance with respect to
the combined endpoint, nor with respect to 6 month survival
in our cohort.

In their retrospective analysis of INTERMACS registry data,
Cooper et al. confirmed our findings of a lack of difference in
1 year mortality regarding the gait speed or the 6 min walk
distance.50 Joseph et al. reported the same shortcomings in
the prognostic value for the 5 m gait speed test.8 Although
physical exercise including walking is encouraged in patients
on short-term circulatory support, a performance evaluation
would not yield reliable results for muscle quality. The influ-
ence of positive inotropic support on the results of physical
performance tests and on the validity of frailty assessments
in cardiogenic shock patients is still unclear. Physical perfor-
mance estimated by a walking test was not a suitable assess-
ment tool in our advanced heart failure cohort due to its
limited availability and impaired prognostic value possibly
caused by the overlap of heart failure symptoms and frailty.

d. Rockwood Clinical Frailty Scale
In our study, the Rockwood Clinical Frailty Scale failed to
discriminate between frailty and heart failure symptoms. By
definition, all patients with end-stage heart failure are
life-threateningly ill and approaching the end of their life.
Despite that, with regard to managing activities of daily living,
most patients were between Rockwood 4–6. The prognostic
impact was poor, which confirms the need for a more objec-
tive and specific measurement.

3. Study limitations

First, our single-centre pilot study was conducted unblinded.
With ventilation time and 6 month mortality, we chose a
rather short-term outcome. The background noise of the
baseline surgical risk may have reduced the impact of
frailty/sarcopenia on the outcome in this small cohort.
Additionally, the full impact of frailty/sarcopenia might only
become apparent in the long-term outcome of these
patients. Therefore, even though we were able to compare
the different frailty assessment methods, the overall impact
of frailty/sarcopenia—regardless of the method—was poor
and we were unable to reproduce the results of other
research groups.
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INTERMACS Levels I–VI were represented, including 71% of
patients on short-term circulatory support or positive inotro-
pic support. Therefore, not every frailty assessment tool was
available in every patient, which limited the number of
patients.

Our trial focused on potential evaluation methods of the
clinical and functional component and to a large extent
neglected the social and psycho-cognitive domain of frailty,
because assessments of these domains are already
implemented in the routine evaluation of patients prior to
cf-LVAD implantation.11

With only 10% female patients in our already small cohort,
we waived gender-based adjustments.

Due to the small sample size, it was not possible to perform
a multivariable analysis adjusting for more than one variable.

Conclusions

Frailty evaluation in AHF patients remains extraordinarily
challenging and a tailored assessment is necessary for its im-
plementation in routine clinical evaluations. BIA was superior
to all other assessment tools in our study with respect to fea-
sibility, logistics and predictive value.

Evaluation of muscle area via CT was feasible in our cohort
and able to predict 6 month survival, but is associated with
well-known restrictions like exposure to radiation and
consumption of resources.

Physical performance tests and the Rockwood Clinical
Frailty Scale were of limited availability in advanced heart

failure patients and failed to discriminate between heart
failure and frailty.
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