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Abstract

Background: Frailty influences the postoperative outcomes in patients undergoing left ventricular assist device (LVAD) implan-

tation; however, a quantitative evaluation method has not been established. The purpose of the present study was to evaluate

whether preoperative ESM mass is associated with short- and long-term clinical outcomes in patients with LVAD. Methods: A

total of 119 consecutive patients with LVAD were enrolled between January 2010 and October 2017 at a single heart center.

The ESM index and Hounsfield units (HU) of the ESM were calculated by computed tomography for preoperative ESM mass

evaluation. We then statistically evaluated the in-hospital mortality, major adverse cardiovascular events (MACE), duration

of hospital stay, and long-term survival. Results: In a multivariate Cox regression analysis, ESM index and HU of the ESM

indicated no effect on the in-hospital mortality, MACE, and long-term survival. In addition, the ESM index presented a weak

but significant negative linear correlation only with the duration of hospital stay (r = -0.21, p < 0.05). In contrast, the model for

end-stage liver disease (MELD) score and preoperative venous-arterial extracorporeal membrane oxygenation (va-ECMO) were

significant predictive factors for in-hospital mortality (MELD score: p < 0.001, hazard ratio [HR] 1.1; preoperative va-ECMO:

p < 0.01, HR 2.72) and MACE (MELD score: p < 0.001, HR 1.07; preoperative va-ECMO: p < 0.005, HR 2.62). Conclusion:

Preoperative ESM mass might predict the length of hospital stay in patients undergoing LVAD implantation. In contrast, it

had no effect on MACE, in-hospital mortality, or long-term survival in this study.

Introduction

Frailty is a geriatric concept that describes frail older adults and is regarded as a medical syndrome with
a poor prognosis1. The main manifestation of frailty is a decrease in skeletal muscle mass, i.e., sarcopenia
associated with aging. However, in chronic heart failure, it is often caused by secondary sarcopenia due to
complex pathological conditions, such as cardiac cachexia. Frailty has been associated with the prognosis
of patients with heart failure (HF), suggesting that it may be a new prognostic indicator that reflects the
clinical outcomes in these patients.

With advancements in medical technology, more HF patients have undergone left ventricular assist device
(LVAD) implantation, and their clinical outcomes have also improved. With the expected expansion of
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. LVAD indications, it is necessary to determine the parameters indicative for LVAD implantation in frailty.
In other words, it is indispensable to preoperatively distinguish whether the frailty of HF patients will be
recoverable after LVAD implantation by improving their hemodynamics. However, it has not been well
established whether patients with severe frailty will respond to LVAD implantation. Thus, the development
of criteria to assess preoperative frailty in HF patients is expected to provide an appropriate indication for
LVAD implantation and encourage efforts to prevent unnecessary LVAD implantation, which is not negligible
in medical economics.

This study examines the functionality of the erector spinae muscle (ESM) mass, which can be assessed using
chest computed tomography (CT). This is usually performed in the context of the preoperative evaluation
for LVAD implantation. ESM mass would be an advantageous prognostic marker, allowing the preoperative
assessment of the precise individual patient benefit before the LVAD operation. Here, we analyzed the effect
of the preoperative mass of the ESM on the clinical outcomes of LVAD patients with HF in our cohort.

Methods

Ethics committee approval

This retrospective data analysis was approved by the Ethics Committee of the Medical Faculty of the
Heinrich-Heine-University Düsseldorf (Ref. 2020 - 832).

Study design and data collection

This retrospective study analyzed 168 consecutive patients with LVAD between January 2010 and October
2017 at a single heart center. Patients who did not undergo preoperative chest CT evaluations were excluded
from this study. In total, 119 patients were enrolled in the study. The purpose of this study was to examine
the ability of preoperative ESM mass as a predictive factor for postoperative clinical outcomes in patients
undergoing LVAD implantation. To realize this purpose, we provided two endpoints in this study. The primary
endpoint was the clinical outcome at hospital discharge, and the secondary endpoint was the postoperative
follow-up status up to December 2019 (766 ± 889 days, median 372 days), in which patients who had already
undergone heart transplantation (HTX) were also considered to be “living after LVAD implantation,” similar
to other LVAD patients. Within the category of the primary endpoint, we analyzed the in-hospital mortality,
major adverse cardiovascular events (MACE), and the duration of hospital stay. On the other hand, at the
secondary endpoint, only the survival rate in the follow-up periods was analyzed. The collected patient data
were pseudonymized and arranged in numerical order. As a preoperative liver function assessment, the model
for end-stage liver disease (MELD) score was evaluated based on the following formula; 3.78 × (bilirubin) +
11.2 × (international normalized ratio) + 9.57 × (creatinine) + 6.43. In this study, MACE was defined as
a postoperative cerebral vascular event, a cardiac event including operative or interventional procedures, or
cardiac death.

Surgical indication and procedure

Indications for LVAD implantation were determined based on the European Association for Cardio-Thoracic
Surgery guidelines. Three therapy concepts were documented in this study: “bridge to transplant,” “bridge
to candidacy,” and “destination therapy.” All patients underwent LVAD implantation via sternotomy. In 31
patients (26.1%), the LVAD was implanted without a heart-lung machine (HLM), i.e., the off-pump techni-
que, whereas in 88 patients (73.9%), it was implanted with HLM. For intracorporeal LVAD, we implanted
three different devices: HeartWare HVAD (Medtronic, Minneapolis, MN), Heartmate (HM) 2 (Abbott, Inc.,
Chicago, IL, USA), and HM 3. Only one patient underwent paracorporeal LVAD implantation using EX-
COR (Berlin Heart, Inc., The Woodlands, TX, USA). Concomitant operations were performed in 11 patients:
aortic valve replacement (AVR), n = 3; atrial septum defect closure, n = 3; left atrial appendage closure,
n = 2; AVR + LAA closure, n = 1; AVR + tricuspid valve repair, n = 1; and another n = 1. Despite
these differences associated with surgical indications and procedures, all 119 patients were considered to be
homogeneous cases for the analysis in this study.

CT-based analysis of ESM mass

2
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. CT-based radiological measurements were an essential part of this study. As in a previous study, the cross-
sectional areas of bilateral ESM were performed on a single axial chest CT image at the level of the lower
margin of the 12th thoracic vertebrae 2-5. In this study, we used the ESM index as per the formula = ESM
area/body mass index (BMI), which was analyzed for the quantification of ESM areas, according to the
patient’s physics. Furthermore, Hounsfield units (HU) of the ESM were determined to assess the density of
the ESM.

Statistical analysis

All statistical analyses were administrated with the Statistical Package for Social Sciences® 25.0 software for
Mac OS X® (IBM, Chicago, USA). Utilizing this program, descriptive and comparative statistics (i.e., χ2-
test, t-test, Mann-Whitney U-test) were performed. The significance tests were performed bilaterally. The
data of the interval-scaled variables are expressed as mean ± standard deviation. Multivariate data analysis
was performed using Cox proportional hazards regression to determine the perioperative risk factors for
clinical outcomes in the two endpoints of this study. Receiver-operating characteristic (ROC) analysis was
performed to evaluate the accuracy of the statistical performance for some variables. Statistical correlation
analysis was performed using Spearman’s correlation coefficient. Statistical significance was set at P < 0.05.

Results

Patient characteristics

The patient characteristics of all cohorts are shown in Table 1 . Ninety-nine (83.2%) men and 20 (18.6%)
women were enrolled at the time of surgery, with a mean age of 55.9 ± 11.9 years at the time of surgery. The
mean BMI of all patients was within the normal range (26.5 ± 4.98 kg/m2). In our cohort, 59 patients (49.6%)
were categorized in the interagency registry for mechanically assisted circulatory support (INTERMACS) 1.
Similarly, 52 patients (43.7%) required preoperative venous-arterial extracorporeal membrane oxygenation
(va-ECMO) support. This means that half of our cohort suffered from critical cardiogenic shock and needed
definitive permanent mechanical circulatory support. Because of these severely impaired patient cohorts, the
mean MELD score was also relatively high (17.2 ± 8.33). This effect was also reflected in the postoperative
clinical outcomes, i.e., 43.7% of postoperative va-ECMO support or 40% of right ventricular assist device
support. Forty-four patients (37%) had MACE, whereas the in-hospital mortality rate was 27.7%. Regarding
the long-term outcome, Figure 1 shows the Kaplan-Meier survival curve for up to years 10 post-implant,
in which the survival rate rapidly decreased up to 1 year post-implant (52.6%). Subsequently, this trend
became gradual. The survival rate at 10 years post-implant was 31.5%.

Cox proportional hazards regression for preoperative parameters

For multivariable Cox regression analysis, age, BMI, INTERMACS profile 1, history of cardiopulmonary
resuscitation, baseline disease, preoperative va-ECMO, creatinine, MELD score, ESM index, and HU of the
ESM were evaluated (Table 2) . Regarding the in-hospital mortality and MACE, the MELD score, as well
as the preoperative va-ECMO implantation, were significant predictive factors in this study (in-hospital
mortality: MELD score, p < 0.001, hazard ratio [HR] 1.1, confidence interval [CI] 1.05–1.14; preoperative va-
ECMO, p < 0.01, HR 2.72, CI 1.32–5.59. MACE: MELD score, p < 0.001, HR 1.07, CI 1.03–1.11; preoperative
va-ECMO, p < 0.005, HR 2.62, CI 1.39–4.90). However, no predictive factors were found for the follow-up
survival rate. ESM mass, i.e., ESM index and HU of the ESM, indicated no effect on the postoperative
clinical outcomes.

Effect of preoperative ESM mass on hospital stay

Excluding 33 in-hospital mortalities, we analyzed the correlation between preoperative ESM mass and the
duration of hospital stay in 86 patients. Overall, the ESM index presented a weak but significant negative
linear correlation with the duration of hospital stay, whereas the HU of the ESM did not indicate a significant
correlation (ESM index; r = -0.21, p < 0.05, HU of the ESM, p < 0.33) (Figure 2 ).

ROC analysis of ESM mass for clinical outcomes

3
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. To evaluate the accuracy of the statistical performance, we performed a ROC analysis of ESM mass for
clinical outcomes. The area under the curve of ESM mass, i.e., the ESM index and HU of the ESM, was less
than 0.5 for evaluating all clinical outcomes in this study (Figure 3a-c ).

Discussion

The main purpose of the present study was to identify whether short- and long-term postoperative outco-
mes after LVAD implantation were related to preoperative ESM mass. Pre-LVAD-implantation frailty might
affect postimplant mortality 6. Regarding the evaluation method of frailty, the condition of the skeletal
muscles might reflect the patients’ frailty, i.e., sarcopenia. Their predictive potential for clinical outcomes
was examined in this study. In the setting of LVAD implantation, it was demonstrated that the quantity of
the pectoralis major muscle provides predictive information on the clinical outcomes after LVAD implanta-
tion 7,8. However, many authors have reported that antigravity muscles might reflect the patients’ frailty
more effectively in predicting postoperative outcomes5,9. Thus, we focused on the ESM as a predictor of
postoperative outcomes in patients with LVAD in our evaluation.

In contrast to our hypothesis, a smaller ESM mass was not confirmed as the main determinant of in-hospital
mortality, MACE, and follow-up mortality in this study. In recent years, the ESM has often been evaluated
in the field of pneumology as a useful prognostic factor for assessing clinical outcomes. Decreased physical
activity due to lung dysfunction, e.g., in chronic obstructive pulmonary disease, pulmonary fibrosis, infection,
and even post-lobectomy status causes muscle weakness in the antigravity muscles, which predicts the clinical
prognosis of such patients 2,4,5,10. Interestingly, a study of patients who underwent liver transplantation due
to end-stage liver disease also reported that the paraspinal muscle index, i.e., the combined mass index of
the psoas muscle and ESM, was an independent predictive factor for early posttransplant survival in male
patients3. Regarding the effectiveness of antigravity muscle analysis as a predictive preoperative factor for
the postoperative outcomes in patients with LVAD, Heberton et al. demonstrated that sarcopenia patients
defined by the psoas muscle area showed a numeric tendency of higher mortality and longer hospital stay
without significant difference in each clinical outcome, whereas sarcopenia was an independent predictive
factor in patients who suffered from either higher mortality or had longer hospital stays 11. The authors
concluded that a low psoas muscle area might represent a higher mortality or longer hospital stay risk in
patients with LVAD. This is similar to our result that a smaller ESM index proved to be an independent
risk factor for a longer hospital stay in this study.

Moreover, we demonstrated that the MELD score and preoperative va-ECMO implantation are risk factors
for MACE and in-hospital mortality, respectively. Regarding the MELD score, this issue has already been
reported by our team 12. We suppose that this is the key reason why skeletal muscle evaluation, for example,
of the e.g., ESM or the psoas muscle, would not allow speculation on the clinical outcomes in LVAD patients.
This means that patients undergoing LVAD implantation who already have visceral organ decompensation
have a poor prognosis regardless of the manifestation of muscle atrophy.

Thus, we conclude that ESM mass is not associated with acute severe clinical outcomes, such as MACE or
in-hospital mortality. In contrast, the ESM may be used to estimate the length of hospital stay of patients
who survive the acute phase after LVAD operations. Furthermore, ESM mass did not predict the long-term
survival outcome because of the multifactorial complication risks in LVAD patients.

This study had several limitations. First, this was a retrospective analysis with a limited cohort size of non-
randomized patients. Second, this was a single-center study, meaning that potential systemic measurement
errors and factors could influence the outcomes. Third, the patients undergoing LVAD implantation were
heterogeneous in their characteristics, whereas we analyzed all patients as a homogenous cohort in this study.
The subanalysis depending on more defined categories, e.g., baseline disease or disease status, and even the
type of LVAD devices, provides a more detailed insight into the confirmation of our conclusions. Therefore,
further studies are required.

Conclusion

4
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. The evaluation of preoperative ESM mass might predict the length of hospital stay in patients undergoing
LVAD implantation. However, preoperative ESM has no effect on short-term severe adverse clinical outcomes,
such as MACE or in-hospital mortality and long-term survival. To the best of our knowledge, this is the first
report to analyze the preoperative ESM mass in patients undergoing LVAD.
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TABLE 1. Clinical characteristics in 119 patients undergoing LVAD implantation

all patients (n=119) all patients (n=119) all patients (n=119) all patients (n=119)
preoperative data preoperative data preoperative data intraoperative data intraoperative data intraoperative data
Age (y) 55.9±11.9 HVAD, n (%) 92 77.3
Male, n (%) 99 83.2 HM2, n (%) 7 5.9
BMI (kg/m2) 26.5±4.98 HM3, n (%) 19 16.0
post. CPR, n (%) 23 19.3 BerlinHeart, n (%) 1 0.8
Bridge to transplant, n (%) 84 70.6 On-pump procedure, n (%) 88 73.9
INTERMACS profile 1, n (%) 59 49.6 operation time (h) 4.46±1.23
ICM, n (%) 78 65.5 postoperative data postoperative data postoperative data
DCM, n (%) 40 33.6 post. IABP, n (%) 5 4.2
pre. IABP, n (%) 20 16.8 post. va-ECMO, n (%) 52 43.7
pre. va-ECMO, n (%) 52 43.7 post. RVAD, n (%) 40 33.6
Arterial hypertension, n (%) 65 54.6 re-sternotomy, n (%) 26 21.8
Hyperlipidemia, n (%) 35 29.4 post. CVA, n (%) 13 10.9
Diabetes, n (%) 35 29.4 post. GI problem, n (%) 20 16.8
History of CVA, n (%) 8 6.7 infection, n (%) 41 34.5
History of PVD, n (%) 8 6.7 post. AKI, n (%) 53 44.5
Sinus rhythm, n (%) 76 63.9 clinical outcomes clinical outcomes clinical outcomes
Nicotine abuses, n (%) 32 26.9 hospital-stay (d) 47.5±35.9
Dialysis, n (%) 7 5.9 MACE, n (%) 44 37.0
Creatinine (mg/dl) 1.54±0.88 Transition to HTX, n (%) 34 28.6
MELD score 17.2±8.33 in-hospital mortality, n (%) 33 27.7
ESM Index 12.6±4.28
ESM HU 41.2±14.1
Data documented as n (%) or mean ± standard deviation. AKI, acute kidney disease; BMI, body mass index; CPR, cardiopulmonary resuscitation; CVA, cerebral vascular accident; DCM, dilated cardiomyopathy; ESM; erector spinae muscles; HM, Heartmate; HTX, heart transplantation; HU, Hounsfield units; HVAD, HeartWare HVAD; IABP, intraaortic balloon pumping; ICM, ischemic cardiomyopathy; INTERMACS, interagency registry for mechanically assisted circulatory support; GI, gastrointestinal; LVAD, left ventricular assist device; MACE, major adverse cardiac event; MELD, model of end-stage liver disease; post, postoperative; pre, preoperative; PVD, peripheral vascular disease; RVAD, right ventricular assist device; va-ECMO, venous-arterial extracorporeal membrane oxygenation Data documented as n (%) or mean ± standard deviation. AKI, acute kidney disease; BMI, body mass index; CPR, cardiopulmonary resuscitation; CVA, cerebral vascular accident; DCM, dilated cardiomyopathy; ESM; erector spinae muscles; HM, Heartmate; HTX, heart transplantation; HU, Hounsfield units; HVAD, HeartWare HVAD; IABP, intraaortic balloon pumping; ICM, ischemic cardiomyopathy; INTERMACS, interagency registry for mechanically assisted circulatory support; GI, gastrointestinal; LVAD, left ventricular assist device; MACE, major adverse cardiac event; MELD, model of end-stage liver disease; post, postoperative; pre, preoperative; PVD, peripheral vascular disease; RVAD, right ventricular assist device; va-ECMO, venous-arterial extracorporeal membrane oxygenation Data documented as n (%) or mean ± standard deviation. AKI, acute kidney disease; BMI, body mass index; CPR, cardiopulmonary resuscitation; CVA, cerebral vascular accident; DCM, dilated cardiomyopathy; ESM; erector spinae muscles; HM, Heartmate; HTX, heart transplantation; HU, Hounsfield units; HVAD, HeartWare HVAD; IABP, intraaortic balloon pumping; ICM, ischemic cardiomyopathy; INTERMACS, interagency registry for mechanically assisted circulatory support; GI, gastrointestinal; LVAD, left ventricular assist device; MACE, major adverse cardiac event; MELD, model of end-stage liver disease; post, postoperative; pre, preoperative; PVD, peripheral vascular disease; RVAD, right ventricular assist device; va-ECMO, venous-arterial extracorporeal membrane oxygenation Data documented as n (%) or mean ± standard deviation. AKI, acute kidney disease; BMI, body mass index; CPR, cardiopulmonary resuscitation; CVA, cerebral vascular accident; DCM, dilated cardiomyopathy; ESM; erector spinae muscles; HM, Heartmate; HTX, heart transplantation; HU, Hounsfield units; HVAD, HeartWare HVAD; IABP, intraaortic balloon pumping; ICM, ischemic cardiomyopathy; INTERMACS, interagency registry for mechanically assisted circulatory support; GI, gastrointestinal; LVAD, left ventricular assist device; MACE, major adverse cardiac event; MELD, model of end-stage liver disease; post, postoperative; pre, preoperative; PVD, peripheral vascular disease; RVAD, right ventricular assist device; va-ECMO, venous-arterial extracorporeal membrane oxygenation Data documented as n (%) or mean ± standard deviation. AKI, acute kidney disease; BMI, body mass index; CPR, cardiopulmonary resuscitation; CVA, cerebral vascular accident; DCM, dilated cardiomyopathy; ESM; erector spinae muscles; HM, Heartmate; HTX, heart transplantation; HU, Hounsfield units; HVAD, HeartWare HVAD; IABP, intraaortic balloon pumping; ICM, ischemic cardiomyopathy; INTERMACS, interagency registry for mechanically assisted circulatory support; GI, gastrointestinal; LVAD, left ventricular assist device; MACE, major adverse cardiac event; MELD, model of end-stage liver disease; post, postoperative; pre, preoperative; PVD, peripheral vascular disease; RVAD, right ventricular assist device; va-ECMO, venous-arterial extracorporeal membrane oxygenation Data documented as n (%) or mean ± standard deviation. AKI, acute kidney disease; BMI, body mass index; CPR, cardiopulmonary resuscitation; CVA, cerebral vascular accident; DCM, dilated cardiomyopathy; ESM; erector spinae muscles; HM, Heartmate; HTX, heart transplantation; HU, Hounsfield units; HVAD, HeartWare HVAD; IABP, intraaortic balloon pumping; ICM, ischemic cardiomyopathy; INTERMACS, interagency registry for mechanically assisted circulatory support; GI, gastrointestinal; LVAD, left ventricular assist device; MACE, major adverse cardiac event; MELD, model of end-stage liver disease; post, postoperative; pre, preoperative; PVD, peripheral vascular disease; RVAD, right ventricular assist device; va-ECMO, venous-arterial extracorporeal membrane oxygenation Data documented as n (%) or mean ± standard deviation. AKI, acute kidney disease; BMI, body mass index; CPR, cardiopulmonary resuscitation; CVA, cerebral vascular accident; DCM, dilated cardiomyopathy; ESM; erector spinae muscles; HM, Heartmate; HTX, heart transplantation; HU, Hounsfield units; HVAD, HeartWare HVAD; IABP, intraaortic balloon pumping; ICM, ischemic cardiomyopathy; INTERMACS, interagency registry for mechanically assisted circulatory support; GI, gastrointestinal; LVAD, left ventricular assist device; MACE, major adverse cardiac event; MELD, model of end-stage liver disease; post, postoperative; pre, preoperative; PVD, peripheral vascular disease; RVAD, right ventricular assist device; va-ECMO, venous-arterial extracorporeal membrane oxygenation

TABLE 2. Multivariate Cox hazard analysis of postoperative clinical outcomes

p HR 95% CI
in-hospital mortality in-hospital mortality in-hospital mortality in-hospital mortality
MELD score <0.001 1.10 1.05 - 1.14
pre. va-ECMO <0.01 2.72 1.32 - 5.59
MACE MACE MACE MACE
MELD score <0.001 1.07 1.03 - 1.11
pre. va-ECMO <0.005 2.62 1.39 - 4.90
CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiac event; MELD, model of end-stage liver disease; pre, preoperative; va-ECMO, venous-arterial extracorporeal membrane oxygenation CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiac event; MELD, model of end-stage liver disease; pre, preoperative; va-ECMO, venous-arterial extracorporeal membrane oxygenation CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiac event; MELD, model of end-stage liver disease; pre, preoperative; va-ECMO, venous-arterial extracorporeal membrane oxygenation CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiac event; MELD, model of end-stage liver disease; pre, preoperative; va-ECMO, venous-arterial extracorporeal membrane oxygenation

Figure legends

Figure 1. Long-term survival in 119 patients undergoing left ventricular assist device implantation

Figure 2. The correlation graphic between preoperative ESMI and the duration of hospital stay in 86
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. patients excluding 33 in-hospital mortality. ESMI, erector spinae muscle index.

Figure 3. receiver-operating characteristic analysis of ESM mass for each clinical outcome. (a) in-hospital
mortality, (b) the major adverse cardiovascular events, and (C) long-term survival. ESM, erector spinae
muscle; HU, Hounsfield units.
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