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Introduction M. Unterhuber

1 Introduction

1.1 Tricuspid regurgitation

Significant tricuspid regurgitation (TR) is a valvular disease with increasing
prevalence as population is constantly ageing, affecting over 4% of over 75-
aged individuals worldwide. [1, 2]. It is associated with multimorbidity and
with a poor survival [3]. The most prevalent form of TR in the elderly popu-
lation is functional (secondary). Common causes can be long standing atrial
fibrillation, right ventricular (RV) and atrial (RA) dilation with tricuspid
annulus dilation, left heart disease, pulmonary hypertension, atrial septal
defects etc. This leads to a coaptation gap between tricuspid leaflets, im-
pairing systolic valve closure. Irrespective of its etiology, TR leads to volume
overload and increased wall stress, both negatively influencing remodelling
and consequently worsening TR. Previously, TR was considered mainly as a
consequence of left-heart disease rather than a relevant disease entity itself
and has been long underestimated. Attention was mostly focused on treating
underlying other conditions, leaving tricuspid treatment options seen as pos-
itive side effect of left-hearted valve disease and heart failure therapies [4–6].
Patients often suffer non-specific symptoms for heart failure, frequently over-
shadowed by various comorbidities and frailty with consecutive recurrent
hospitalizations, low quality of life and poor nutritional status. [7,8]. Mostly,
referral causes are signs of heart failure with fatigue, exercise intolerance,
dyspnoea, persistent oedema and ascites. The physical examination has to
be accurate to not oversee subtle signs. Frequent findings are systolic mur-
mur, jugular venous congestion and pulse (Lancisi’s sign) with hepato-jugular
reflux. The most common diseases associated with TR are left-sided heart
disease and surgery, atrial fibrillation, pre-capillary pulmonary hypertension,
and the presence of RV leads due to cardiac implanted electronic devices [5].
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1.2 Tanscatheter edge-to-edge valve leaflet repair

As patients usually present late in the natural history of the disease, frailty
and comorbidities prevail and surgical therapy is often deemed at too high
risk. Due to the increasing incidence of TR and lacking treatment options,
transcatheter tricuspid valve interventions (TTVI) developed with the first
in-man successful annuloplasty using the Mitralign (Mitralign Inc., Tewks-
bury, MA) device (originally designed for transcatheter mitral valve repair)
reported in 2015 [9] and the first cases of successful transcatheter edge-to-
edge tricuspid valve repair (TTVR) using the MitraClip (Abbott Vascular,
Santa Clara, CA, USA) in 2016 [10]. Afterwards, the use of TTVI increased
worldwide, in the beginning mostly in the setting of compassionate off-label
use or in trials [11–15]. To date, the most frequently adopted device is the
MitraClip device [14], which had been initially designed for transcatheter mi-
tral valve repair use. As the TTVR procedure proved to be feasible and safe,
more and more devices gained CE- approval in Europe, including the TriClip
(Abbott), Pascal and Cardioband (Edwards Lifesciences, Irvine, California)
devices [11,13,16,17]. The two transcatheter edge-to-edge repair systems are
shown in Figure 1.

Figure 1: The currently CE-approved edge-to-edge TTVR devices.
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Edge-to-edge TTVR systems rely on the surgical repair idea proposed
by Ottavio Alfieri in 1991 [18], where mitral valve regurgitation is repaired
using a stitch between the leaflets to clamp the edges, thus creating a double
orifice mitral valve.
For TTVR, patients are under general anaesthesia as simultaneous transoe-
sophageal echocardiography is crucial for device placement. The device is
introduced through the right femoral vein, entering the right atrium and
passing through the tricuspid valve in closed position. Once passed through
and beyond the valve, the clip arms are opened and the leaflets grasped ac-
cording to the regurgitation jet. Once pulled backwards, the clip is closed.
Since usually the anteroseptal or posteroseptal commissure are grasped in
lateral position, TTVR has the peculiarity of reducing the coaptation gap
without necessarily creating two orifices, although tricuspid valve anatomy
can vary substantially. Due to different morphologies, device selection for
TTVI is crucial. The classical 3-leaflet configuration amounts to approxi-
mately 50% of cases, whereas 2- to 5- leaflet configurations are possible.

1.3 Clinical predictors of outcome after TTVR

Evidence continues to grow at a fast pace and currently affirms the feasibility
and safety of the TTVR procedure. Propensity score matching analyses and
observational data show a trend towards an improved prognosis of patients
after TTVR with different TR aetiologies and comorbidities [13, 15, 19–22].
The largest study so far comparing TTVR versus conservative treatment
comprises data from the international transcatheter tricuspid valve thera-
pies (TriValve) registry to conservatively treated patients from twenty-two
tertiary care centres in Europe and the USA. In this study TTVR was as-
sociated with a decrease in both mortality, as well as rates of heart failure
rehospitalizations [15]. Thus, it is of paramount importance to identify pa-
rameters with positive influence on procedural success and outcome of pa-
tients undergoing TTVR.
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Left ventricular function

TR can present with reduced, normal, or hyperdynamic left ventricular (LV)
contractility. Both reduced and hyperdynamic states have shown to be as-
sociated with a higher mortality in comparison to a normal cardiac out-
put [23, 24]. This finding was consistent with later studies of the natural
history of severe TR, in which a low or high cardiac output was an inde-
pendent predictor of mortality [25]. Normal cardiac output patients had
significantly better survival than low- and high cardiac output groups in a
U-shaped manner. Besides primary LV diseases, LV function can be influ-
enced by RV volume changes due to the limited space in the pericardium [26]
and reacts with impaired filling due to impaired distensibility, resulting in
heart failure with different expressions of forward and backward failure. Im-
paired left ventricular ejection fraction showed to be an important prognostic
marker, being associated with higher risk for the composite endpoint of heart
failure re-hospitalization and death after TTVR compared to patients with
preserved ejection fraction [21]. In terms of cardiac output, patients with low
and high cardiac output prior to TTVR had worse outcomes after TTVR in
comparison to patients with a mid-range cardiac output [27].

Right ventricular function

Assessment of RV function is challenging, as classical RV function parameters
e.g.echocardiographically derived tricuspidal annular anterior systolic motion
(TAPSE) can be limited by RV loading conditions. Methods including RV
free wall strain and magnetic resonance imaging modalities have shown to
be accurate in both in natural history of TR [28] and as prognostic marker
for TTVR outcomes [29,30].
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Pulmonary artery pressures

RV function was shown to significantly influence outcome, and Right ven-
tricular - pulmonary artery (RV-PA) coupling can help to determine whether
RV function is adequately compensated for specific loading conditions. Es-
timation of RV-PA coupling might be feasible by the derived quotient of
echocardiographic TAPSE/PASP, which was shown to be associated with
all-cause mortality in patients undergoing TTVR [31,32].

Hepatic function

TR often is associated with elevated liver enzymes and liver function im-
pairment. Studies have shown a significant improvement in hepatic function
after TTVR. Moreover, successful TTVR was significantly associated with
liver function score improvement. [33, 34]
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Figure 2: Clinical and physiological features suggesting a favourable outcome
after TTVR. LV=Left ventricle; RV=right ventricle; HFpEF=Heart failure
with preserved ejection fraction; HFrEF=Heart failure with reduced ejec-
tion fraction; PAH=Pulmonary arterial hypertension; CKD=Chronic kidney
disease. Adapted from [35].

1.4 Malnutrition in heart failure

Cachexia is a common and serious complication of heart failure and involves
severe body fat and muscle loss. Depending on the study design and heart
failure stage, the prevalence of cachexia ranges from 13% to 80% and is
associated with a high mortality [7, 8, 36]. Heart failure is a summarisa-
tion of many pathophysiological alterations. Forward heart failure is the
inability of the heart to provide the necessary tissue perfusion due to a de-
creased output. This leads to weakness, fatigue, cyanosis and hypotension.
The activated mechanisms which lead to wasting are complex and seem to

7



1.4 Malnutrition in heart failure M. Unterhuber

involve inflammatory and neuroendocrine pathways, proteolysis and malab-
sorption [37–40]. Backwards failure is characterized by an increase in volume
and pressure in the ventricle, which in turn translates into a higher atrial
pressure. From the RV, this leads to direct pressure transduction to the
hepatic sinusoids. One major cause of malnourishment is thought to be
congestive hepatopathy, which summarizes the manifestations resulting from
passive hepatic congestion due to an increased central venous pressure [41].
This causes hepatocyte architecture modifications, leading to atrophy with
apoptosis [42]. The consequences are impaired perfusion, nutrient uptake and
metabolic dysbalances leading to fibrosis in the most vulnerable perivenular
zone 3 [43]. Typically, impaired liver function parameters are found in these
patients [44]. The currently most known mechanisms are based on findings
regarding intestinal malfunction due to liver cirrhosis [45,46]. These include
intestinal dysmotility, small intestinal bacterial overgrowth, dysbiosis and
intestinal malabsorption, otherwise called ’leaky gut’. There seems to be a
fundamental difference between the two causes of intestinal malfunction: in
liver cirrhosis, intestinal congestion is due to primary portal hypertension, as
in right- hearted disease following elevated central venous pressures lead also
to congestion of the superior vena cava, where the thoracic lymph duct flows
into the anonym vein. In the case of underlying right-hearted disease due
to TR, the increased pressure translates in an increased lymphatic pressure,
causing often not overt protein-losing enteropathy [46]. This condition has
been studied in patients with right-sided heart disease, mostly constrictive
pericarditis or after Fontan procedures [47–50], and various reports show re-
versibility if the underlying cause can be treated [51–54]. On the contrary, in
patients with isolated portal hypertension due to primary hepatic disease this
phenomenon could not be observed [55]. Recently, there has been a strong
body of evidence suggesting a correlation between the heart-kidney-liver axis
in patients with severe TR with liver function parameters, mimicking a hy-
perdynamic state and being of prognostic value in the patients undergoing
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TTVR [27,34].
The aim of this study was to further investigate the role of TR in this intricate
interplay and to explore the heart-liver-kidney axis in function to nutritional
status improvement of patients undergoing TTVR.

2 Objective and Methods

The present study aimed to characterize the prevalence, clinical character-
istics, laboratory features and outcome of malnutrition in the context of
symptomatic severe TR as well as generate the hypothesis for the role of
TTVR in the complex mechanism of cardio-renal-hepatic interaction.

2.1 Patient inclusion

Between August 2016 and August 2018, eighty-six patients with New York
Heart Association (NYHA) functional class ≥II despite guideline-directed
medical therapy and clinically relevant TR were included in this single-centre
analysis. All patients were previously discussed within the Heart Team,
which consisted of an expert joint committee comprising cardio-thoracic sur-
geons and cardiologists. To be eligible for a transcatheter approach, the
patient was required to be considered at high or prohibitive surgical risk. A
transcatheter approach using the MitraClip device (Abbott Vascular, Santa
Clara, CA, USA) in the tricuspid position on a compassionate use basis was
favoured. Criteria for patient selection were mainly based on state-of-the art
clinical and echocardiographic imaging criteria [10, 14, 56]. Fourty-three pa-
tients had concomitant severe mitral regurgitation (MR) and underwent com-
bined transcatheter mitral and tricuspid valve edge-to-edge repair (TMTVR).
Routine clinical assessment before and 1 month after intervention included
a careful physical examination with assessment of peripheral edema, ascites,
blood sample collection, transthoracic and transoesophageal echocardiogra-
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phy (TOE), a 6-minute walking test distance (6MWTD) and quality of life
assessment. In 72 patients, an invasive haemodynamic assessment including
mean systolic pulmonary artery pressure, pulmonary wedge pressure and left
ventricular end-diastolic pressure was performed prior to TTVR or TMTVR.
The study was conducted in conformity with the Declaration of Helsinki and
approved by the ethics committee of the Medical Faculty of the University of
Leipzig. All patients provided written informed consent prior to enrolment
in the study.

2.2 Nutritional assessment

Nutritional status is associated with age, comorbidities, social, physiological,
psychological and environmental factors. As body composition changes over
the time, older adults show a shift in nutritional and lifestyle behaviors, re-
sulting in considerable muscle mass loss and a reduction in metabolic resting
rate [57]. Malnutrition and impairment of hepatic or renal function are com-
mon findings in patients with severe TR and, specifically, in the subgroup of
patients undergoing TTVR. Both MNA and NRS scores were evaluated at
baseline and at 1-month follow-up in all patients.

2.3 Mini Nutritional Assessment (MNA)

The Mini nutritional assessment questionnaire was developed for older adults,
which are especially prone to malnutrition. In many circumstances, malnu-
trition is undetected and is often erroneously accepted as a bystander of
the normal ageing process. To account for this possible problem, joint com-
missions of hospitals increasingly emphasized the necessity a state-of-the-art
algorithms to assess nutrition status fast and easy at first patient contact.
By using a standardized algorithm for assessment, nutrition disorders of the
elderly can be quickly recognized in order to avoid underfeeding and to pro-
vide further nutrition-centred care during and after the hospital stay. Guigoz
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et al. [58] developed the Mini Nutritional Assessment score to overcome this
need using biometric data and patient history. The MNA short form com-
prises a six-question screening, suitable to decide if further assessment is
needed. Starting from appetite or swallowing difficulties, it assesses weight
loss and mobility of the patient, asking ultimately for physical stress, neu-
ropsychological problems and body- mass index. A total score from 0 to 7
points indicates a malnourished patient, a score from 8 to 11 points suggest
a patient to be at risk for malnutrition. A score of 12 to 14 points desig-
nates patients with normal nutrition status. The form used for this study is
shown in Table 1. The MNA - Long Form is a more thorough assessment,
investigating aforementioned nutritional habits in a more detailed way with
a maximum score of 30 points.
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Table 1: The MNA form used in this study.

Screening
Has food intake declined over the past 3 months due to loss of appetite,
digestive problems, chewing or swallowing difficulties?
0 = severe decrease in food intake
1 = moderate decrease in food intake
2 = no decrease in food intake
Weight loss during the last 3 months
0 = weight loss greater than 3kg
1 = does not know
2 = weight loss between 1 and 3kg
3 = no weight loss
Mobility
0 = bed or chair bound
1 = able to get out of bed / chair but does not get out
2 = goes out
Has suffered psychological stress or acute disease in the past 3 months?
0 = yes
2 = no
Neuropsychological problems
0 = severe dementia or depression
1 = mild dementia
2 = no psychological problems
Body Mass Index (BMI) in kg/m2

0 = BMI less than 19
1 = BMI 19 to 21
2 = BMI 21 to 23
3 = BMI 23 or greater
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Table 2: Nutritional Risk Screening assessment adapted from Kondrup et
al. [60]

Nutritional status Severity of disease

Absent
Score 0

Normal nutritional status Normal nutritional requirements

Mild
Score 1

Weight loss > 5% in 3 months
Or

Food intake below 60%
of normal requirement in preceding week

Hip fracture
Chronic patients, in particular with acute complications:

cirrhosis, COPD, Chronic hemodialysis, diabetes, oncologic diseases

Moderate
Score 2

Weight loss > 5% in 2 months
Or

BMI 18.5-20.5 + impaired general condition
Or

food intake < 25% of normal requirement in preceding week

Major abdominal surgery
Stroke

Severe pneumonia, hematologic malignancy

Severe
Score 3

Weight loss > 5% in 1 month
Or BMI 18.5 + impaired general condition
Or food intake <25% of normal requirement

in preceding week

Head injury
Bone marrow transplantation

Intensive care patients

Calculate the total score:
1. Find score for nutritional status (only one: choose the variable with highest score) and severity of disease (stress metabolism, i.e. increase in nutritional requirements)
2. Add the two scores (=total score)
3. If age >70 years: add 1 to the total score to correct for frailty of elderly
4. If age-corrected total ≥3: start nutritional support

2.4 Nutritional risk score (NRS)
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The purpose of the NRS is to uncover the presence of malnutrition and the 
risk of developing in in hospital settings, containing a grading of disease 
severity as a reflection of increased nutritional awareness need. It is meant 
to cover the most frequent disease categories which happen to be present in 
hospitals [59]. Table 2  shows the screening system. Patients are scored in 
each of the two components - nutritional status and disease severity, 
according to whether they are absent, mild, moderate or severe. 
Subsequently, these two compartments are added giving a total score of 
0-6 [60], a higher score indicating a worse nutrition status.
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Quality Of Life (QoL)

As QoL is an important endpoint in health and medicine, especially in a field
exploring a relatively new intervention as TTVR. Two QoL questionnaires
were used to assess the baseline and follow-up patient’s wellbeing.

The SF-36 and the MLHFQ scores were evaluated at baseline and at
1-month follow-up in all patients.

Short Form - 36

The Short-Form 36 Questionnaire (SF-36) comprises 8 subscales which are
scored by 36 questionnaires for health-related QoL evaluation. Physical com-
ponent summary and mental component summary were reported separately,
where a higher score indicates a better QoL. The SF-36 questionnaire used
in this study is represented in Figure 4 in the appendix.

Minnesota Living with Heart Failure Questionnaire

The Minnesota Living with Heart Failure Questionnaire (MLHFQ) consists
of 21 questions (0 to 5 points in each section), reflecting physical, emotional
and socioeconomic conditions. Each of these conditions can be differently
influenced by HF. A higher MLHFQ score is a marker for worse QoL associ-
ated to heart failure and directly linked to outcome [61]. The MLHFQ used
in this study is depicted in Figure 5 in the appendix.

2.5 Transcatheter tricuspid valve repair procedure

TTVR was performed under general anaesthesia, using the Abbott MitraClip
system and was guided by two- and three-dimensional TOE and fluoroscopy.
In cases undergoing TMTVR, mitral valve repair was carried out first by
performing transseptal puncture and and deploying the device in the mi-
tral valve commissure. Afterwards, the MitraClip system was withdrawn in
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the right atrium. Transgastric imaging supported clip orientation and lo-
calization in the designed commissure to place the clip system in the most
suitable position. Leaflet grasping was documented using mid-to-deep tran-
soesophageal four-chamber views corresponding to long-axis and transgastric
views, using the combined X-plane grasping view. More than one clip was
used if satisfactory reduction of TR was not achieved after implantation of
the first clip. In this study, procedural success was considered as successful
clip deployment with TR reduction of ≥1 at 1 month.

2.6 Echocardiographic analysis and TR grading

Transthoracic echocardiography and TOE were performed according to cur-
rent guidelines by the American Society of Echocardiography/European As-
sociation of Cardiovascular Imaging [62–64]. To take into account the ”tor-
rential” nature of TR severity in some patients currently undergoing TTVR
and to consider quantitative TR reductions in patients still exhibiting severe
TR after the procedure, one additional TR grade was introduced in line with
recent publications [65].

Functional TR was classified according to aetiology in a stepwise fash-
ion: patients on chronic haemodialysis as dialysis-related TR; patients with
reduced LVEF (< 50%) or MR ≥2 as left heart disease-related TR; pa-
tients with systolic pulmonary artery pressure ≥50 mmHg as pulmonary
hypertension-related TR; the remaining patients with tricuspid annular di-
latation either as atrial functional-related TR or if tricuspid annular plane
systolic excursion (TAPSE) <16 mm as right ventricular remodelling-related
TR.

2.7 Statistical analysis

Statistical analyses were performed with R (version 3.5.2, R Foundation
for Statistical Computing, Vienna). Data were assessed for normality us-
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ing Kolmogorov-Smirnov tests. Variables are expressed as mean ± standard
deviation, or median [interquartile range (IQR)] as appropriate. Categorical
variables are presented as frequencies and percentages. Comparisons be-
tween groups were made using chi-square tests for categorical variables, con-
tinuous variables were compared with unpaired Student’s t-tests or the non-
parametric Mann-Whitney U test as appropriate. Differences between base-
line and follow-up measurements were analysed using paired sample t-tests or
Wilcoxon tests in non-normally distributed data. Within-group changes were
calculated using Wilcoxon signed-rank tests. The primary endpoint was a
composite of all-cause death and rehospitalization for heart failure during the
entire follow-up period. Secondary endpoints were improvement in NYHA
class, 6MWTD and N-terminal pro-brain natriuretic peptide (NT-proBNP)
levels at follow-up. The distribution of time-to-event variables for the pri-
mary endpoint was estimated using the Kaplan-Meier method with log-rank
testing for significance. Univariate binary regression analyses of clinical pa-
rameters associated with MNA improvement and with the primary endpoint
were performed. For all calculations, two-sided P-values <0.05 were consid-
ered as statistically significant. To assess whether the association between
outcome and nutritional status was of a causal nature, a mediation analysis
was performed.
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Aims To characterize the prevalence and clinical relevance of malnutrition in patients undergoing transcatheter tricuspid
valve edge-to-edge repair (TTVR).
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Methods
and results

Overall, 86 consecutive patients (mean age 78± 7 years) with moderate-to-severe tricuspid regurgitation (TR) at
prohibitive surgical risk were analysed. Mini Nutritional Assessment (MNA), quality of life assessment, 6-min walk
test distance and laboratory analyses were performed before and 1 month after TTVR. A total of 43 patients (50%)
underwent concomitant transcatheter mitral valve repair. According to MNA, 81 patients (94%) were malnourished
or at risk of malnutrition before TTVR. Following TTVR, MNA improved in 64 patients (74%). As compared to patients
without MNA improvement, patients with increased MNA score had greater reductions in TR [regurgitation volume
−17.0 (interquartile range, IQR −25.0; −7.0) mL vs. −26.4 (IQR −40.3; −14.5) mL, P< 0.001] and inferior vena cava
diameter. Only patients with increased MNA score displayed a decrease in N-terminal pro-brain natriuretic peptide
levels [−320 (IQR −1294; 105) pg/mL vs. +708 (IQR −342; 2708) pg/mL, P = 0.009], improvements in cholinesterase
levels (0.0±11.9 μmoL/L vs. +10.9±16.7 μmoL/L, P< 0.001) and renal function during follow-up. Beneficial effects
on quality of life scores and 6-min walk test distance following TTVR were observed exclusively in patients with
improvement in MNA. During a median follow-up of 6 months, patients with worsened MNA had an increased risk
of death and rehospitalization for heart failure.
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Conclusion Nutritional impairment is common and of prognostic importance in patients undergoing TTVR. Hepatorenal function

modestly improves after successful TTVR. Further study of extracardiac implications of TR-associated right heart
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Introduction
Moderate-to-severe tricuspid regurgitation (TR) is a common
valvular disease with foremost prevalence among the elderly
population.1,2 The most frequent aetiology is functional TR sec-
ondary to left-sided valvular or myocardial disease and pulmonary
hypertension.2 Functional TR is observed in a substantial number
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.. of patients with heart failure with reduced left ventricular ejec-

tion fraction (LVEF) and is associated with worse survival.3 Patients
with clinically significant TR often present late in the natural his-
tory of the disease with symptoms and signs of right ventricular
failure, repeat heart failure hospitalizations, various comorbidities
and frailty.4 Several transcatheter therapies are currently in early
clinical testing as an alternative treatment option for severe TR in
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elderly patients at high or prohibitive surgical risk and persisting
symptoms of right heart failure despite optimal medical therapy.5

Malnutrition and impairment of hepatic or renal function may
complicate the clinical course of patients currently evaluated for
transcatheter tricuspid valve therapies. However, the prevalence
and clinical relevance of malnutrition as well as periprocedural
changes in nutritional status or hepatorenal function in these
patients have to date not been studied. Of note, right atrial pres-
sure independently predicts malnutrition in patients with advanced
chronic heart failure, and malnutrition is associated with increased
mortality in these patients.6 Right ventricular failure and elevated
right atrial pressure have been suggested as important activators
of catabolic pathways in patients with advanced heart failure with
reduced LVEF.7 The present study aimed to characterize the preva-
lence, clinical characteristics, laboratory features and outcome of
malnourished patients with symptomatic predominantly functional
TR at high surgical risk currently considered for transcatheter tri-
cuspid valve edge-to-edge repair (TTVR).

Methods
Patients
Overall, 86 patients with New York Heart Association (NYHA) func-
tional class ≥II despite guideline-directed medical therapy and clin-
ically relevant TR were included in this single-centre analysis. All
patients were discussed within the Heart Team and considered at
high or prohibitive surgical risk. A transcatheter approach using the
MitraClip™ device (Abbott Vascular, Santa Clara, CA, USA) in the
tricuspid position on a compassionate use basis was favoured. Cri-
teria for patient selection were mainly based on echocardiographic
imaging as detailed previously.8–11 A total of 43 patients had con-
comitant severe mitral regurgitation (MR) and underwent combined
transcatheter mitral and tricuspid valve edge-to-edge repair (TMTVR).
All procedures were performed between August 2016 and August
2018. Routine clinical assessment before and 1 month after interven-
tion included a careful physical examination, blood sample collection,
transthoracic and transoesophageal echocardiography (TOE), a 6-min
walk test distance (6MWTD) and quality of life assessment using Min-
nesota Living with Heart Failure Questionnaire (MLHFQ) and Medical
Outcomes Study Short Form 36-item questionnaire (MOS SF-36). In
72 patients, an invasive haemodynamic assessment including mean sys-
tolic pulmonary artery pressure, pulmonary wedge pressure and left
ventricular end-diastolic pressure was performed prior to TTVR or
TMTVR. The study was conducted in conformity with the Declaration
of Helsinki and approved by the ethics committee of the Medical Fac-
ulty of the University of Leipzig. All patients provided written informed
consent prior to enrolment in the study.

Nutritional assessment
Nutritional assessment was performed 1–3 days before TTVR or
TMTVR and after 1 month of follow-up using the short form of the Mini
Nutritional Assessment (MNA) and Nutritional Risk Screening 2002
(NRS). The NRS estimates undernutrition primarily in the hospital
setting based on the two categories of disease severity and undernu-
trition [assessed by body mass index (BMI), weight loss within the last
3 months and reduced food intake].12 Patients are scored in each of the ..
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.. two categories with a total score of 0–6. Patients with a total score≥3 are classified as nutritionally at risk.
The purpose of MNA is to detect the presence of undernutrition and

the risk of developing undernutrition among the elderly, and is more
likely to identify both at an early stage.12 The MNA questionnaire eval-
uates changes in appetite or digestive problems, weight loss, mobility,
acute illness or psychological stress, neuropsychological problems, and
BMI.12 Patients with an MNA short-form screening score of 12–14
are classified as having a normal nutrition status. Patients with an MNA
score of 8–11 are considered at risk of malnutrition and patients with
an MNA score of 0–7 are malnourished.

Both scores have previously been validated as malnutrition screen-
ing tools of prognostic importance in patients with chronic heart
failure.13,14 An MNA score improvement by at least one point was
considered as an improvement in MNA score, and a delta equal to 0
or negative was considered as no improvement.

Transcatheter tricuspid valve repair
The detailed protocol has been described previously.9–11,15 In brief,
TTVR was performed under general anaesthesia, using the MitraClip™
system and was guided by two- and three-dimensional TOE and
fluoroscopy. In cases undergoing TMTVR, mitral valve repair was
carried out first and the MitraClip™ system was withdrawn in the right
atrium afterwards.15 Transgastric imaging supported clip orientation
and localization in the designed commissure. Leaflet grasping was
documented using mid-to-deep transoesophageal four-chamber views
corresponding to long-axis and transgastric views. More than one
clip was used if satisfactory reduction of TR was not achieved after
implantation of the first clip. Procedural success was considered as
successful clip deployment with TR reduction of ≥1 at 1 month.

Echocardiography analysis and tricuspid
regurgitation grading
Transthoracic echocardiography and TOE were performed accord-
ing to current guidelines by the American Society of Echocardiogra-
phy/European Association of Cardiovascular Imaging.16,17 To take into
account the ‘torrential’ nature of TR severity in some patients cur-
rently undergoing TTVR and to consider quantitative TR reductions
in patients still exhibiting severe TR after the procedure,18 one addi-
tional TR grade 4 (defined as a vena contracta diameter >15 mm) was
introduced in line with recent publications in the field.8–11

Functional TR was classified according to aetiology in a step-
wise fashion: patients on chronic haemodialysis as dialysis-related
TR; patients with reduced LVEF (<50%) or MR ≥2 as left heart
disease-related TR; patients with systolic pulmonary artery pres-
sure ≥50 mmHg as pulmonary hypertension-related TR; the
remaining patients with tricuspid annular dilatation either as atrial
functional-related TR or if tricuspid annular plane systolic excursion
(TAPSE) <16 mm as right ventricular remodelling-related TR.19

Statistical analysis
Statistical analyses were performed with R (version 3.5.2
running on MacOS X). Data were assessed for normality
using Kolmogorov–Smirnov tests. Variables are expressed as
mean± standard deviation, or median [interquartile range (IQR)]
as appropriate. Categorical variables are presented as frequencies
and percentages. Comparisons between groups were made using
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Table 1 Baseline characteristics of the study population according to the Mini Nutritional Assessment score

All MNA>8 MNA ≤8 P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Patients, n 86 49 37
Age, years 77.9± 6.5 76.8± 7.5 79.5± 4.4 0.17
Female 39 (45.3) 20 (40.8) 19 (50.0) 0.33
BMI, kg/m2 27.0± 4.6 27.5± 5.3 26.3± 3.5 0.42
EuroSCORE II, % 6.1 [3.9–10.4] 5.5 [3.5–11.0] 6.9 [4.0–10.2] 0.60
STS mortality score, % 3.8 [2.6–6.0] 3.8 [2.5–5.8] 3.8 [2.7–11.1] 0.60
NYHA class

II 14 (16.3) 10 (20.4) 4 (10.8) 0.23
III 50 (58.1) 27 (55.1) 23 (62.2) 0.51

IV 22 (25.6) 12 (24.5) 10 (27.0) 0.79
Lead across tricuspid valve 30 (34.9) 17 (34.7) 13 (35.1) 0.97
Previous PCI 22 (25.6) 16 (32.6) 6 (16.2) 0.08
Previous CABG 12 (14.0) 9 (18.4) 3 (8.1) 0.17
Ischaemic heart disease 19 (22.1) 11 (22.4) 8 (21.6) 1.0
HFrEF 46 (53.5) 25 (51.0) 21 (56.8) 0.60
Atrial fibrillation 78 (91) 44 (90) 34 (92) 1.0
Chronic pulmonary disease 21 (24.4) 9 (18.4) 12 (32.4) 0.13
Child–Pugh class B 3 (3) 1 (2.0) 2 (5.4) 0.08
MELD score 14.7 [10.1–18.4] 14.6 [9.1–19.1] 14.8 [11.2–17.5] 0.74
ACEI/ARB 73 (84.9) 44 (89.8) 29 (78.4) 0.22
Beta-blocker 79 (91.9) 47 (95.9) 32 (86.5) 0.11

Aldosterone antagonist 26 (30.2) 16 (32.7) 10 (27.0) 0.57
Diuretic 82 (95.3) 47 (95.9) 35 (94.6) 0.77
Furosemide dose equivalent, mg 63.2± 53.4 63.0± 61.0 63.5± 41.6 0.96

Values are expressed as mean± standard deviation, n (%), or median [interquartile range].
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CABG, coronary artery bypass grafting; HFrEF, heart failure with
reduced ejection fraction; MELD, Model of End-stage Liver Disease; MNA, Mini Nutritional Assessment; NYHA, New York Heart Association; PCI, percutaneous coronary
intervention; STS, Society of Thoracic Surgeons.

chi-square tests for categorical variables, continuous variables were
compared with unpaired Student’s t-tests or the non-parametric
Mann–Whitney U test as appropriate. Differences between baseline
and follow-up measurements were analysed using paired sample t-tests
or Wilcoxon tests in non-normally distributed data. Within-group
changes were calculated using Wilcoxon signed-rank tests. The
primary endpoint was a composite of all-cause death and rehos-
pitalization for heart failure during the entire follow-up period.
Secondary endpoints were improvement in NYHA class, 6MWTD
and N-terminal pro-brain natriuretic peptide (NT-proBNP) levels at
follow-up. The distribution of time-to-event variables for the primary
endpoint was estimated using the Kaplan–Meier method with log-rank
testing for significance. Univariate binary regression analyses of clinical
parameters associated with MNA improvement and with the primary
endpoint were performed. For all calculations, two-sided P-values
<0.05 were considered as statistically significant.

Results
Baseline characteristics
Clinical baseline characteristics of the 86 patients enrolled are
summarized in Table 1. The mean age was 77.9± 6.5 years, with
39 patients (45%) being female. Patients were at high risk for
surgery [EuroSCORE II 6.1% (IQR 3.9–10.4), Society of Thoracic
Surgeons Predicted Risk of Mortality for mitral valve repair 3.8 ..
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.. (IQR 2.6–6.0)] and highly symptomatic with 84% of subjects
presenting in NYHA class III or IV despite optimized medical
therapy including a mean furosemide equivalent dose of 63 mg per
patient. Fifty-five patients (64%) were found to have peripheral
oedema, 28 (33%) had pleural effusion and 19 (22%) had ascites.
According to the Child–Pugh scoring system, 83 patients (96.5%)
were in class A and 3 patients (3.5%) in class B. The Model for
End-stage Liver Disease (MELD) scoring was comparable between
patients with baseline MNA ≤8 and MNA >8 (Table 1).

Pre-procedural findings
on echocardiography and haemodynamic
data
Results of pre-procedural echocardiography are displayed in
Table 2. Mean LVEF was 48.2± 16.2% with left ventricular
end-diastolic diameter being within the upper normal range
(52.3± 8.9 mm). Severe or massive TR was present in 72 (84%)
and 8 (9%) patients, respectively, with a median effective regurgi-
tant orifice area (EROA) of 0.50 cm2 (IQR 0.30–0.68) and a mean
vena contracta of 9.3± 2.7 mm. Right ventricular function was
impaired in 44 patients (51%) according to TAPSE measurements
and in 28 patients (33%) according to right ventricular fractional
area change. TR was functional in 81 patients (94.2%). Out of
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Table 2 Baseline echocardiographic findings according to the Mini Nutritional Assessment score

All (n = 86) MNA>8 (n = 49) MNA ≤8 (n = 37) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Left ventricular ejection fraction, % 48.2±16.2 48.7±16.8 47.5±15.5 0.67
LVEDD, mm 52.3± 8.9 50.7± 8.9 54.4± 8.5 0.042
TAPSE <17 mm 44 (51.2) 27 (55.1) 17 (45.9) 0.40
RVFAC <35% 28 (32.6) 15 (30.6) 13 (35.1) 0.66
TV EROA (PISA), cm2 0.50 [0.30–0.68] 0.50 [0.30–0.60] 0.48 [0.34–0.73] 0.25
TR vena contracta, mm 9.3± 2.7 9.1± 2.5 9.6± 2.9 0.57
TV annulus diameter, mm 49.5± 5.1 49.5± 4.5 49.5± 5.9 0.77
sPAP, mmHg 49.0 [41.3–61.0] 49.0 [40.3–58.0] 49.0 [43.8–68.3] 0.280
IVC diameter, mm 27.0± 6.7 25.6± 5.6 28.9± 7.6 0.009
TR grade

2 6 (7.0) 3 (6.1) 3 (8.1) 0.72
3 72 (83.7) 44 (89.8) 28 (75.7) 0.08
4 8 (9.3) 2 (4.1) 6 (16.2) 0.06

Concomitant mitral valve clipping 43 (50%) 25 (58) 18 (49) 1.0

Values are expressed as mean± standard deviation, n (%), or median [interquartile range].
EROA, effective regurgitant orifice area; IVC, inferior vena cava; LVEDD, left ventricular end-diastolic diameter; MNA, Mini Nutritional Assessment; PISA, proximal isovelocity
surface area; RVFAC, right ventricular fractional area change; sPAP, systolic pulmonary artery pressure; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid
regurgitation; TV, tricuspid valve.

these 81 patients, 25 presented with atrial functional-related TR,
24 with pulmonary hypertension-related TR, 24 with left heart
disease-related TR, 5 with dialysis-related TR and 3 with right
ventricular remodelling-related TR (online supplementary Tables
S1 and S2). Distribution of putative TR causes did not differ
between patients with MNA ≤8 and MNA >8 at baseline (online
supplementary Table S1) or patients with and without MNA
improvement at follow-up (online supplementary Table S2). A lead
across the TV was present in 30 patients, but none of the patients
had primarily lead-induced TR. Mean systolic pulmonary artery
pressure and pulmonary wedge pressure were higher in patients
undergoing TMTVR as compared to TTVR, whereas no significant
differences in left ventricular end-diastolic pressure were observed
(online supplementary Table S3).

Pre-procedural status of nutrition
By applying the NRS scoring system, 44 patients (51%) were
deemed at risk for malnutrition. According to pre-procedural MNA
scores, 5 patients (6%) had a normal nutritional status, 68 patients
(79%) were at risk for malnutrition and 13 patients (15%) were
malnourished (Figure 1). Median MNA score in the present patient
sample was 8, corresponding to the MNA cutoff value to differ-
entiate between patients at risk for malnutrition and malnour-
ished patients. There were no significant differences in baseline
characteristics between patients with a median MNA score>8
as compared to patients with a median MNA score≤8 (Table 1),
including NYHA functional class distribution. On echocardiogra-
phy, patients with a median MNA score≤8 displayed a larger
diameter of the inferior vena cava (IVC) and more profound left
ventricular dilatation (Table 2). TR severity, TV annular diameter,
right ventricular function and echocardiography-derived estimate
of systolic pulmonary artery pressure were comparable between ..
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Figure 1 Nutritional status according to Mini Nutritional
Assessment scores at baseline and follow-up after isolated tran-
scatheter tricuspid valve edge-to-edge repair or combined tran-
scatheter mitral and tricuspid valve edge-to-edge repair.

both groups of patients. Furthermore, no significant differences
in NT-proBNP, haemoglobin or C-reactive protein levels as well
as measures of renal and liver function parameters were apparent
between patients with a median MNA score>8 and patients with
a median MNA score≤8 (online supplementary Table S4).

Pre-procedural nutrition and quality
of life assessment
No significant difference was observed in the SF-36 general health
score as well as in the MLHFQ general and MLHFQ physical
functioning domains score between patients with a pre-procedural
median MNA score>8 and patients with a pre-procedural median
MNA score≤8 (online supplementary Table S5). Also, 6MWTD did
not differ between groups. Patients with a pre-procedural median
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Table 3 Changes in body mass index, furosemide dose, quality of life measures and 6-min walk test distance following
isolated transcatheter tricuspid valve edge-to-edge repair or combined transcatheter mitral and tricuspid valve
edge-to-edge repair according to Mini Nutritional Assessment score improvement

Parameter MNA not improved (n = 22) MNA improved (n = 64)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Baseline 1-month FU 𝚫 Baseline 1-month FU 𝚫

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years 76.9± 7.7 78.3± 6.0
BMI, kg/m2 27.8± 6.7 27.5± 6.3 −0.39± 2.5 26.7± 3.7 26.0± 3.3a −0.85± 2.4
Furosemide, mg 70 [35–150] 40 [35–150] 0 [−15 to 20] 40 [20–80] 40 [20–80] 0 [−20 to 10]
MLHFQ 32.0 [26.5–36.8] 34.0 [22.5–47.0] 3.0 [−5.0 to 17.0] 32.0 [23.3–42.8] 24.0 [13.8–35.3]a −5.0 [−14.5 to 2.0]
MLHFQ physical 22.2± 8.9 22.1± 8.7 −0.3±12.5 20.8± 7.9 14.8± 9.0a −5.7± 9.2
MOS - SF-36, % 48.1±16.2 44.4± 22.6 −4.75± 29.3 41.1± 16.0 54.3± 20.3a +14.1± 24.5b

MOS – SF-36 physical, % 37.9± 29.1 34.3± 32.1 -3.0± 40.4 26.7± 25.2 45.9± 29.8a +21.6± 38.0b

6MWTD, m 231±131 213±140 −17.6± 97.5 258±128 320±119a +54.1± 68.5b

Values are expressed as mean± standard deviation, or median [interquartile range].
6MWTD, 6-min walk test distance; BMI, body mass index; FU, follow-up; MLHFQ, Minnesota Living with Heart Failure Questionnaire; MNA, Mini Nutritional Assessment;
MOS - SF-36, Medical Outcomes Study - 36-item Short-Form questionnaire.
aDifference between baseline and 1-month FU in the MNA improved group with P< 0.05.
bDifference in changes from baseline to 1-month FU values between the MNA not improved and MNA improved groups with P< 0.05.

MNA score≤8 displayed a lower SF-36 physical role functioning
score when compared to patients with a pre-procedural median
MNA score>8.

Results of transcatheter tricuspid
regurgitation treatment
A total of 43 patients (50%) underwent TTVR for isolated TR,
whereas the other half underwent combined TMTVR for concomi-
tant severe MR. In the entire cohort, the proportion of patients
with TR grade≥2 was reduced from 93% at baseline to 15% fol-
lowing TTVR and TMTVR. Since clip deployment was successful
in all patients, procedural success was driven by TR reduction ≥1

grade at 1 month. A TR reduction ≥1 grade was achieved in 76
patients (88%) in the entire cohort. According to baseline MNA
score, a TR reduction ≥1 grade was observed in 42/49 patients
(86%) with MNA score>8 and in 34/37 patients (92%) with MNA
score≤8. When stratified according to MNA improvement dur-
ing follow-up, a TR reduction was evident in 58/64 patients (91%)
with MNA improvement and 18/22 patients (82%) without MNA
improvement. Among patients who underwent TMTVR, no patient
showed an MR grade>2 at follow-up.

Differences between patients undergoing
isolated transcatheter tricuspid valve
repair and combined transcatheter
mitral and tricuspid valve repair
Due to differences in pathophysiology in patients with isolated
TR and those with concomitant MR, separate analyses of patients
undergoing isolated TTVR and combined TMTVR were car-
ried out (online supplementary Tables S6–S15). Baseline clin-
ical characteristics were comparable between groups (online
supplementary Tables S6 and S11). Patients with a baseline MNA ..
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. score≤8 in the TTVR cohort displayed a significantly larger IVC
diameter. Likewise, a numeric increase in IVC diameter was
observed in patients with an MNA score≤8 in the TMTVR cohort
(online supplementary Tables S7 and S12).

Post-procedural changes in nutritional
status
After 1 month of follow-up, MNA scores improved in 64 patients
(74%) (Figure 1). According to MNA score, 31 patients (36%)
were found to be in normal nutritional status, whereas 46
patients patients (53%) were still at risk for malnutrition and 9
patients (10%) were malnourished. Following TTVR or TMTVR,
median NRS score declined from 3.0 (IQR 2.5–3.2) to 2.0 (IQR
1.8–2.4, P< 0.001) after 1 month of follow-up (online supplemen-
tary Figure S1).

Nutritional status and quality of life
following transcatheter tricuspid
regurgitation treatment
Patients without an improvement in MNA score following TTVR
or TMTVR did not show an improvement in any quality of life
measure after 1 month of follow-up (Table 3; online supplemen-
tary Tables S8 and S13). 6MWTD did not change significantly in
patients without MNA improvement (Table 3; online supplemen-
tary Tables S8 and S13). Patients with an increase in MNA score
after 1 month of follow-up displayed an improvement in general
quality of life domains of MLHFQ and SF-36 as well as in the physi-
cal functioning role domains of each questionnaire (Table 3; online
supplementary Tables S8 and S13). In contrast to patients with-
out improvement in MNA score, 6MWTD significantly increased in
patients with an improvement in MNA score, regardless of whether
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Table 4 Echocardiographic findings in patients with or without Mini Nutritional Assessment score improvement at
baseline and follow-up

Parameter MNA not improved (n = 22) MNA improved (n = 64)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Baseline 1-month FU 𝚫 Baseline 1-month FU 𝚫

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

LVEF, % 42.6 ± 19.4 42.3 ± 17.8 −0.27 ± 9 50.1 ±14.6 51.8 ±12.5 1.2 ± 8.4
LVEDD, mm 56.5 ± 9.1 56.9 ± 7.2 0.5 ± 5.0 50.8 ± 8.4 50.5 ± 7.0 −0.05 ± 5.4
TAPSE, mm 16.5 ± 4.9 16.1 ± 4.2 −0.5 ± 4.3 16.7 ± 4.2 16.4 ± 3.9 −0.4 ± 3.9
RVFAC, % 39.3 ± 11.4 38.3 ± 9.7 −0.9 ± 10.3 38.4 ± 9.6 37.6 ± 8.9 −1.0 ± 9.0
TV EROA

(PISA), cm2
0.5 [0.3–0.6] 0.2 [0.1–0.5]a −0.2 [−0.3 to 0.6] 0.5 [0.4–0.7] 0.2 [0.1–0.3]b −0.3 [−0.4 to −0.1]

TR vena
contracta, mm

9.0 [7.8–11.3] 6.0 [4.0–7.3]a −3.0 [−5.3 to −1.0] 9.0 [7.0–10.8] 5.0 [4.0–6.0]b −4.0 [−5.0 to −2.8]

TV annulus
diameter, mm

49.5 ± 5.6 43.1 ± 7.2a −6.4 ± 6.6 49.5 ± 5.0 45.5 ± 5.7b −4.1 ± 5.3

TR volume, mL 40.0 (33.0–57.5) 22.0 (14.5–34.3)a −17.0 (−25.0 to −7.0) 44.0 (30.5–64.0) 18.0 (11.5–30.5)b −26.4 (−40.3 to −14.5)c

TR reduction ≥1

grade
18 (82) 48 (75)

sPAP, mmHg 51.5 (45.5–61.5) 48.0 (35.3–55.3) −5.0 (−14.3 to 3.3) 48.0 (38.0–61.0) 44.0 (35.5–51.5) −4.5 (−19.3 to 16.9)
IVC diameter, mm 25.8 ± 5.7 23.4 ± 7.5a −2.4 ± 5.0 27.5 ± 7.1 22.2 ± 6.5b −5.4 ± 7.1c

Values are expressed as mean± standard deviation, median [interquartile range], or n (%).
EROA, effective regurgitant orifice area; FU, follow-up; IVC, inferior vena cava; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; MNA, Mini
Nutritional Assessment; PISA, proximal isovelocity surface area; RVFAC, right ventricular fractional area change; sPAP, systolic pulmonary artery pressure; TAPSE, tricuspid
annular plane systolic excursion; TR, tricuspid regurgitation; TV, tricuspid valve.
aDifference between baseline and 1-month FU in the MNA not improved group with P< 0.05.
bDifference between baseline and 1-month FU in the MNA improved group with P< 0.05.
cDifference in changes from baseline to 1-month FU values between the MNA not improved and MNA improved groups with P< 0.05.

patients underwent TTVR or TMTVR (Table 3; online supplemen-
tary Tables S8 and S13). Univariate binary logistic regression anal-
ysis showed an association between 6MWTD improvement [odds
ratio (OR) 6.3, 95% confidence interval (CI) 2.0–19.5; P< 0.001] as
well as IVC diameter reduction (OR 2.9, 95% CI 1.0–8.5; P = 0.05)
and MNA improvement (online supplementary Figure S2).

Echocardiographic findings in patients
with improved nutritional status
Both patients with an improvement in MNA score and patients
without an improvement in MNA score exhibited a TR reduction
following TTVR or TMTVR according to EROA and vena contracta
measurements of TR (Table 4; online supplementary Tables S9 and
S14). Although the numeric decrease in EROA and vena contracta
measurements of TR were more pronounced in patients with
improved MNA score, this between-group difference did not reach
statistical significance. The decrease in TR regurgitant volume
according to proximal isovelocity surface area and the decline in
the IVC diameter was significantly more pronounced in patients
with an improved MNA score at follow-up (Table 4). When patients
with TTVR and TMTVR were analysed separately, in both groups
those patients with an MNA improvement also exhibited larger
reductions in IVC diameter (online supplementary Tables S9 and
S14). No differences in left ventricular diameter and LVEF as well
as right ventricular function were apparent between patients with
and without an improvement in MNA score at follow-up (Table 4;
online supplementary Tables S9 and S14). ..
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.. Changes in laboratory parameters

following transcatheter tricuspid
regurgitation treatment
Laboratory parameters before and 1 month after TTVR or TMTVR
are summarized in Table 5 and online supplementary Tables S10
and S15. NT-proBNP levels decreased 1 month after TTVR in
patients with improved MNA score on follow-up. A statistically
non-significant increase in NT-proBNP levels was apparent in
patients without improvement in MNA score after 1 month of
follow-up.

Renal function parameters and cholinesterase enzyme lev-
els improved significantly in the total group of patients with an
increased MNA score after 1 month of follow-up. Moreover, blood
urea nitrogen levels, total bilirubin, gamma-glutamyltransferase
and alkaline phosphatase levels decreased, whereas total serum
protein levels increased in patients with improved MNA score
on follow-up. In the group of patients without MNA score
improvement after 1 month of follow-up, no significant differences
between baseline and follow-up laboratory parameters were
observed. MELD score showed a stronger arithmetic decrease
in patients with MNA improvement at 1 month without reaching
statistical significance (Table 5).

Prognostic relevance of nutritional status
During a median follow-up of 6 months, 13 patients (15%)
died and 22 patients (25.6%) were readmitted to hospital for
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A B

Figure 2 Prognostic impact of malnutrition in patients undergoing isolated transcatheter tricuspid valve edge-to-edge repair (TTVR) or
combined transcatheter mitral and tricuspid valve edge-to-edge repair (TMTVR). (A) Kaplan–Meier graph of event-free survival (death and
rehospitalization for heart failure) in patients undergoing TTVR or TMTVR stratified according to Mini Nutritional Assessment (MNA) score
improvement at 1 month. (B) Binary logistic analysis of clinical parameters associated with the combined endpoint of death and rehospitalization
for heart failure. An improvement in clinical parameters is defined as a 1-unit increase for 6-min walk test distance (6MWTD), Short Form
36-item questionnaire (SF-36) or MNA score, and a 1-unit decrease for the Minnesota Living with Heart Failure Questionnaire (MLHFQ) or
Nutritional Risk Screening 2002 (NRS) score. CI, confidence interval; OR, odds ratio.

decompensated heart failure. The combined endpoint was
reached in 24 patients (27.9%). Cardiovascular death occurred
in 9/13 patients (69%). The main cause of cardiac death was
progressive heart failure occurring in 7/13 patients (54%). Two
patients died in hospital with one patient suffering endocarditis of
the mitral and aortic valve, and the other died of progressive right
heart failure after TTVR or TMTVR. Three patients died from
unknown cause and one patient following a major trauma. Patients
with improved MNA score at 1 month had significantly longer
survival free of death and heart failure hospitalization (Figure 2A).
Those patients whose MNA score remained ≤8 after 1 month of
follow-up had an increased risk of death or rehospitalization for
heart failure during follow-up (online supplementary Figure S3).
A univariate binary regression analysis for MNA improvement
showed an OR of 0.3 (95% CI 0.12–0.94; P = 0.037), a specificity
of 76% and a sensitivity of 55%, a positive predictive value of 25%
and a negative predictive value of 91% for the primary endpoint
(Figure 2B). The absolute change in MNA score predicted the
combined endpoint of rehospitalization and death for every score
point increase with an OR of 0.6 (95% CI 0.5–0.8; P = 0.001) in a
binary logistic regression model.

Discussion
The findings of the present study suggest that a substantial pro-
portion of patients undergoing TTVR or TMTVR are either at
risk of malnutrition or malnourished. According to MNA score,
nutritional status improves in about three quarters of patients fol-
lowing treatment. The improvement in nutritional status is asso-
ciated with less venous congestion, lower NT-proBNP levels and
laboratory evidence of a modest improvement in kidney and liver
function. Only patients with enhanced nutritional status display an ..
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.. improvement in quality of life measures and 6MWTD on follow-up.
Notably, worse nutritional status following TTVR or TMTVR is
linked to poor survival and more frequent hospitalization rates for
heart failure.

Patients currently evaluated for TTVR or TMTVR are in
advanced age, display severe-to-massive TR and intractable symp-
toms of right heart failure. Often, these patients present with many
comorbidities and advanced multi-organ sequelae of venous con-
gestion. Interestingly, we did not detect any significant differences
in baseline characteristics between patients with pre-procedural
MNA scores below and above the median, indicating that nutri-
tional status, although important, might not be well reflected in
current measures of pre-procedural patient assessments. Overall,
malnutrition has likely a multi-factorial origin, being not only the
result of a single deteriorating organ system but the common final
pathway of different concurring pathological evolvements. Based
on previous knowledge,20–22 we hypothesize that the improve-
ment in nutritional status of our patients after TTVR could be a
result of decongestion of the liver, kidney and gastrointestinal tract
(Figure 3). The pathophysiological mechanisms, although intensively
investigated, are still not thoroughly understood.

In TR, backward failure leads to direct pressure transduc-
tion to the hepatic sinusoids. This causes hepatocyte archi-
tecture modifications, leading to atrophy with apoptosis23 and
consecutive impaired perfusion, nutrient uptake and metabolic
imbalances.24 In patients with improved MNA, TTVR or TMTVR
and thereby relief of venous congestion led to a reduction in
gamma-glutamyltransferase levels and an increase in cholinesterase
enzyme as well as small but significant changes in albumin and
total protein, suggesting less liver congestion and improved liver
synthesis. These findings are in line with other studies that
support the hypothesis of reversibility of liver injury when resolving

© 2020 The Authors
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Figure 3 Beneficial effects of transcatheter tricuspid regurgitation (TR) repair on extracardiac implications of TR. ALT, alanine aminotrans-
ferase; AP, alcaline phosphatase; AST, aspartate aminotransferase; Bili, bilirubin; CO, cardiac output; CVP, central venous pressure; GFR,
glomerular filtration rate; 𝛾GT, gamma-glutamyltransferase; RAAS, renin–angiotensin–aldosterone system; RBF, renal blood flow; SNS, sym-
pathetic nervous system; TGPG, transglomerular pressure gradient.

the underlying cause of right heart failure,25 if liver disease is
not advanced.26 Accordingly, hepatic function was in the normal
range for the majority of patients (96.5%) when assessed by the
Child–Pugh classification. This enforces the hypothesis that liver
injury in TR is slow, progressive and likely reversible when tissue
damage has not yet reached the point of no return.

At baseline, our patients had moderately reduced kidney func-
tion. Formerly, worsening renal function has mainly been attributed
to over-diuresis and/or poor perfusion as a consequence of
reduced cardiac output.27 However, recent studies suggest mech-
anisms directly related to venous congestion, which correlate ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.. with estimated glomerular filtration rate decrease and higher
mortality.28 We hypothesize the improvement in renal function
following TTVR or TMTVR being a result of less renal vein conges-
tion, which again was seen only in patients with improved MNA.

In the last decade, the role of the gut in patients with heart
failure has increasingly been an object of interest.29 Currently
known pathophysiology is based on findings of intestinal malfunc-
tion due to liver cirrhosis30 and patients who underwent Fontan
operations. These include intestinal dysmotility, small intestinal
bacterial overgrowth, dysbiosis, protein losing enteropathy and
intestinal malabsorption, also called ‘leaky gut’.29,30 In case of

© 2020 The Authors
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an underlying right heart disease such as TR, increased venous
pressure translates in higher lymphatic pressure, causing protein
losing enteropathy, whereas in patients with isolated portal hyper-
tension it does not. Reports show reversibility if the underlying
cause can be treated.31,32 The observed increase in total serum
protein in patients with improved nutrition score could be a con-
sequence of less splanchnic venous congestion with positive effects
of the above-mentioned mechanisms. Interestingly, mean BMI was
27 kg/m2 even in malnourished patients and did not differ sig-
nificantly across MNA score groups (Table 3; online supplemen-
tary Figure S4). This underlines the limitations of BMI as a measure
of body composition and nutritional status. A normal BMI must not
imply a normal nutrition status.

Transcatheter tricuspid valve edge-to-edge repair or TMTVR
also impacts on cardiac output and reduces forward failure, as
shown previously33 and supported by improvements in 6MWTD
and NT-proBNP levels in our cohort. This itself might have con-
tributed to the improved renal and liver function as well as patients’
quality of life, indicating a general improvement of the patient’s sub-
jective wellbeing.

To date, several studies have shown the association between
right heart disease and impaired nutritional status, including cardiac
cachexia.7,20 The observed improvement in MNA score following
TTVR or TMTVR is likely to be multifactorial, whereas the individ-
ual contribution and exact mechanism remain speculative. Poten-
tial explanations for the increased albumin and total protein levels
include increased liver synthesis as well as less urinary and intesti-
nal loss. In addition, improved cardiac output following TTVR33

and a less catabolic state, leading to more dietary intake and less
muscle wasting, might have contributed. Lastly, less abdominal dis-
comfort with less liver congestion after TTVR or TMTVR could
have improved appetite in our patients.

Despite all unknowns, the link between nutritional status change
and outcome is remarkable. A superior nutritional status after
TTVR or TMTVR reflects in increased functional parameters
and better quality of life, whereas no improvement and low
post-procedural MNA scores pose patients at higher risk for death
or rehospitalization for heart failure. These promising results need
confirmation in larger cohorts to evaluate the potential role of
MNA for predicting outcome of TTVR or TMTVR beyond cur-
rently applied risk stratifications.

Limitations
First, the sample size in the present analysis is limited. Second, the
observed changes at 1 month of follow-up need to be observed
over a longer period of time in order to determine potential late
changes in nutritional status, laboratory findings and prognosis.
Also, changes in liver and renal function were small and the clinical
relevance remains to be determined. Third, both groups, despite
including a comparable ratio of patients concomitantly treated
for MR, could be confounded. Forth, mechanisms linking reduced
venous congestion to improvements in nutritional status and func-
tional parameters following TTVR or TMTVR remain speculative.
Fifth, the number of tests performed increase the risk of a type ..
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.. 1 error. Overall, findings should be considered as hypothesis gen-
erating at present. In addition, future studies are needed to com-
pare the diagnostic and prognostic benefit of different malnutrition
screening tools in this patient population. In addition, further anal-
yses are needed to address changes in nutritional status over time
in more detail, as the current assessment was limited to 1 month.

Conclusion
This study suggests that a substantial part of elderly patients under-
going TTVR or TMTVR are either at risk for malnutrition or mal-
nourished. At 1 month after TTVR or TMTVR, three-quarter of
patients showed an improved nutritional status along with bet-
ter quality of life and increased exercise capacity, accompanied
by ameliorated central venous pressure, renal and hepatic func-
tion parameters. Patients with poor nutritional status after TTVR
or TMTVR had a higher risk of rehospitalization for heart fail-
ure or death. The underlying mechanisms are still insufficiently
understood; nonetheless, nutritional status can be used as a new
patient-centred marker to judge procedural success and to moni-
tor outcome during follow-up. This could be important for future
trial design but also now, as many new transcatheter techniques
for transcatheter treatment of TR are being evaluated.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
Table S1. Putative causes of tricuspid regurgitation according to
baseline MNA score above or below median in the patient sample.
Table S2. Putative causes of tricuspid regurgitation according
to MNA improvement after 1 month of follow-up in the patient
sample.
Table S3. Invasive haemodynamic data at baseline in the patient
sample.
Table S4. Baseline laboratory findings according to MNA score.
Table S5. Quality of life and 6-min walk test distance according to
MNA score.
Table S6. Baseline characteristics of patients undergoing isolated
transcatheter tricuspid valve edge-to-edge repair.
Table S7. Baseline echocardiographic findings in patients under-
going isolated transcatheter tricuspid valve edge-to-edge repair.
Table S8. Changes in body mass index, furosemide dose, quality
of life measures and 6-min walk test distance in patients undergoing
isolated transcatheter tricuspid valve edge-to-edge repair.
Table S9. Echocardiographic findings at baseline and after 1 month
of follow-up in patients undergoing isolated transcatheter tricuspid
valve edge-to-edge repair.
Table S10. Laboratory findings in patients undergoing isolated
transcatheter tricuspid valve edge-to-edge repair at baseline and
after 1 month of follow-up.
Table S11. Baseline characteristics of patients undergoing com-
bined transcatheter mitral and tricuspid valve edge-to-edge repair.
Table S12. Baseline echocardiographic findings in patients
undergoing combined transcatheter mitral and tricuspid valve
edge-to-edge repair.
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Table S13. Changes in body mass index, furosemide dose, quality
of life measures and 6-min walk test distance in patients undergoing
combined transcatheter mitral and tricuspid valve edge-to-edge
repair.
Table S14. Echocardiographic findings at baseline and after
1 month of follow-up in patients undergoing combined tran-
scatheter mitral and tricuspid valve edge-to-edge repair.
Table S15. Laboratory findings in patients undergoing combined
transcatheter mitral and tricuspid valve edge-to-edge repair at
baseline and after 1 month of follow-up.
Figure S1. Nutritional status according to NRS scores at base-
line and follow-up after isolated transcatheter tricuspid valve
edge-to-edge repair or combined transcatheter mitral and tricus-
pid valve edge-to-edge repair.
Figure S2. Binary logistic regression analysis of clinical parameters
associated with MNA improvement.
Figure S3. Kaplan–Meier graph of event-free survival (death and
rehospitalization for heart failure) in patients undergoing isolated
transcatheter tricuspid valve edge-to-edge repair or combined
transcatheter mitral and tricuspid valve edge-to-edge repair strat-
ified according to median MNA score at 1 month.
Figure S4. Median (interquartile range) MNA scores according to
patient body mass index at baseline and follow-up.
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This study aimed to characterize the prevalence and clinical relevance of
malnutrition in patients undergoing transcatheter tricuspid valve edge-to-
edge repair. Eighty-six patients (mean age 78 ± 7 years) with moderate-to-
severe tricuspid regurgitation (TR) at prohibitive surgical risk were analysed.
Mini Nutritional Assessment (MNA), quality of life assessment, 6-min walk
test distance and laboratory analyses were performed before and 1 month
after TTVR. The findings of this study can be summarized as follows:

1. A substantial part of elderly patients with severe TR and chronic ve-
nous congestion undergoing TTVR are either at risk for malnutrition
or malnourished

2. One month after TTVR, three-quarter of patients showed an improved
nutritional status and reduced venous congestion along with better
quality of life, increased exercise capacity, accompanied by ameliorated
central venous pressures, renal and hepatic function parameters

3. MNA score improvement showed to be a significant independent pre-
dictor for outcome in patients undergoing TTVR. Patients with no
improvement in nutritional status after intervention had a higher risk
of rehospitalization for heart failure or death.
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TTVR leads to a reduction in RV volume overload. It improves RV perfor-
mance and LV filling by enhancing bi-ventricular interaction and improving
cardiac output [66,67].

Therefore, the procedure provides a unique model, as organ functionality
changes can be noticed by regular assessments before and after intervention.
By reducing TR and thus relieving venous congestion, direct observation of
the differences following afterwards in the involved other systems is possible,
allowing for mechanistic insights which could not be easily obtained before.
We hypothesize that nutritional status impairment in patients undergoing
TTVR could be due to the consequences of venous congestion and that the
improvement in nutritional status after TTVR could be attributable to the
reduction of venous pressure on liver, kidneys and gastrointestinal tract. The
proposed mechanisms are displayed in Figure 3.

The most likely mechanism of nutritional impairment in TR is presumably
a combination between visceral congestion leading to hepatorenal and intesti-
nal malfunction as well as a a catabolic metabolic state. These conditions
are linked to postprandial fullness, loss of appetite, nausea and abdominal
discomfort. The cause is thought to involve mucosal dysfunction through-
out the gastrointestinal tract, with increased wall thickness, congestion and
hypoperfusion [8]. This causes a proinflammatory state with consequent
malabsorption, activation of catabolic and inhibition of anabolic pathways,
leading to dysmotility, small intestinal bacterial overgrowth and dysbiosis [7].
In addition, drug metabolism is impaired [68].

These conditions together end in reduced dietary intake, nutrient absorp-
tion, muscle wasting, reduced mobility and increased frailty. In this study, all
patients had symptomatic TR with consequent backward failure and venous
congestion. According to MNA scores, 94% of the patients were at risk for
malnutrition or malnourished. After TTVR, nutritional status improved in
74% of the patients. The group with lower MNA values (i.e. worse nutri-
tional status) had significantly larger vena cava inferior diameters compared
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Figure 3: Proposal of the underlying mechanisms involving TR.

to patients with higher MNA values, suggesting a higher central venous pres-
sure. After TTVR, we observed an effective decrease in inferior vena cava
diameter in all patients.

Interestingly, the group with improved nutrition scores showed the great-
est decrease in vena cava inferior diameters from baseline to one month of
follow-up. Moreover, these patients experienced an increase in albumin and
total protein levels levels at follow-up. Possible explanations include an im-
proved dietary intake along with better nutrient absorption, relief of a sub-
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clinical protein-loss enteropathy or urinary protein loss, or less catabolism
due to reduced inflammatory triggers. Further, a greater reduction of GGT
levels and an increase in cholinesterase enzyme in the group with increased
nutritional status strengthens the hypothesis that reducing venous pressure
can lead to a reversal of liver function impairment when addressing the un-
derlying cause of right heart failure. [69–71]. On average, baseline renal
function was reduced (GFR 43, 3 ± 16, 3ml/m2). An impaired kidney func-
tion was previously thought to be solely due to poor perfusion following
reduced cardiac output. On the contrary, recent studies [72] suggested that
there are mechanisms of kidney disfunction which are directly correlated to
venous congestion and its mechanical consequences with a significant impact
on mortality. Among normal central venous pressure ranges, an increase
in venous pressure leads to an increase in GFR as indicator of increased
preload and subsequent augmented renal perfusion due to the Frank-Starling
mechanism [73]. When central venous pressure increases further exceeding
the cardiac output optimum, GFR decreases [72, 74–77], presumably as ex-
pression of increased renal venous congestion leading to kidney dysfunction.
An amelioration in renal function following TTVR could be observed in the
patients with improved MNA at follow up. This may be the result of a com-
bination of less venous congestion and improvement in cardiac output, both
of which have been observed after TTVR [66].

A BMI within normal value ranges does not imply a normal nutritional
status. In fact, mean BMI was 27kg/m2 even in malnourished patients and
did not differ significantly across MNA score groups (Table 3 and Figure
S4 in the supplementary material). At follow-up, the patient group with
improved MNA displayed a significant BMI reduction. At first glance this
finding could appear counter-intuitive. Instead, it indicates that isolated
BMI values could not reflect the nutritional status in a reliable manner in
this patient cohort.

The MNA scoring system relies on assessment of behavior, multimorbidity
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and dietary intake, and BMI does not reflect multiple domains of the patient’s
daily activities, nor can it define body composition. In this study, different
intravasal volume status due to different diuretics dosages were ruled out,
as there were no furosemide equivalent differences across MNA score groups
and hematocrit values did not differ (Table 3 in the paper).

Notably, patients with improved MNA scores at one month had a signif-
icantly higher event-free survival rate compared to patients without MNA
improvement. According to a binary logistic analysis, MNA improvement
remained the only significant predictor for death or heart failure rehospital-
ization(Figure 2 in the paper).

Quality of Life

TTVR provided clinical benefits on QoL measured by SF-36 and MLHFQ.
The main goal in patients with heart failure ideally is to gain an improvement
in daily life activity abilities with regard to physical and psychosocial aspects.
A mere prolongation of life duration might not be as favourable if QoL is
severely impaired and progressive age, frailty, social isolation and cognitive
deficits cast a shadow above life expectancy. [66, 78]

The present study demonstrated that after TTVR, QoL scores in physi-
cal and general domains of both MLHFQ and SF-36 questionnaires improved
in patients with an increased MNA score. Improvements in SF-36 and ML-
HFQ score values at one month failed to predict significantly the composite
outcome of heart failure rehospitalization or death during the follow-up pe-
riod. This could be due to the solely subjective domain of the questionnaires,
indicating the need for a combined assessment of objective measurable pa-
rameters and subjective wellbeing in combination with behavioral aspects,
as reflected by the MNA scoring system.
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Conclusions

New pathomechanistic insights could be achieved into TR-associated multi-
organ involvement by observing the cardio-metabolic and functional changes
after TTVR. Nutritional status can be used as a new patient-centered, non-
invasive marker to judge procedural success and to monitor outcome during
follow-up. Malnutrition, as observed in the present study, is a multifactorial
condition and can be a disease trigger but also the common final pathway
involving multiple deteriorating organ systems. However, the chronological
order of organ involvement as well as the roles played by each different sys-
tem are still to be exactly defined.
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5 Figures

Figure 4: The Short Form 36 Questionnaire used in this study.
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Figure 5: The Minnesota Living with Heart Failure Questionnaire used in
this study.
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Supplemental Tables 

Supplemental Table 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 All MNA > 8 MNA ≤ 8 p-value 

N 81 46 35  

     

AF-related TR, n (%) 25 (31) 13 (28) 12 (34) .62 

PH-related TR, n (%) 24 (30) 15 (33) 9 (26) .77 

Left heart disease- related TR, n (%) 24 (30) 12 (26)  12 (34) .56 

Dialysis-related TR, n (%) 5 (6) 4 (9) 1 (3) .54 

RV remodeling-related TR, n (%) 3 (3) 2 (4) 1 (3) 1.0 

 

Supplemental Table 1: Putative causes of TR according to baseline MNA score above or below median in the patient sample. 

AF = atrial fibrillation, PH = pulmonary hypertension. RV = right ventricular. 
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Supplemental Table 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 All MNA improved MNA not improved p-value 

N 81 59 22  

     

AF-related TR, n (%) 25 (31) 21 (36) 4 (18) .22    

PH-related TR, n (%) 24 (30) 18 (31) 6 (27) .99    

Left heart disease- related TR, n (%) 24 (30) 15 (25) 9 (41) .19    

Dialysis-related TR, n (%) 5 (6) 3 (5) 2 (9) .82    

RV remodeling-related TR, n (%) 3 (3) 2 (3) 1 (5) 1.0    

 

Supplemental Table 2: Putative causes of TR according to MNA improvement after 1 month of follow-up in the patient sample. 

AF = atrial fibrillation, PH = pulmonary hypertension. RV = right ventricular. 
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Supplemental Table 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 All TMTVR TTVR p-value 

N 72 31 41  

     

sPAP, mmHg 48 (40-58) 50 (45-65) 43 (35-50) .01    

Wedge pressure, mmHg 22±7.3 24±7.4 19±6.0 .01    

LVEDP, mmHg 16±6.0 17±6.2 16±5.8  .50    

 

Supplemental Table 3: Invasive hemodynamic data at baseline in the patient sample. 

LVEDP = left ventricular end-diastolic pressure, sPAP = systolic pulmonary artery pressure. 
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Supplemental Table 4 

 

 

 

 

 

 
All MNA > 8 MNA ≤ 8 p-value 

n 86 49 37 
 

   NT-proBNP (pg/mL) 3224 
(1932-6680) 

2851 
(1709-6530) 

4331 
(2346-7989) 

.12 

   eGFR, ml/min 43.3±16.3 42.8±15.2 43.9±17.8 .76 

   Creatinine, mg/dl 1.4 
(1.2-1.8) 

1.4 
(1.1-1.8) 

1.4 
(1.2-1.6) 

.85 

BUN mmol/l 10.8 
(8.5-17.3) 

11.6 
(8.5-17.3) 

10.7 
(8.5-18.7) 

.78 

Bilirubin total, µmol/l 13.7 
(8.8-18.6) 

12.2 
(8.3-17.8) 

14.7 
(9.4-18.9) 

.39 

AST, µmol/l 0.44 
(0.38-0.52) 

0.47 
(0.39-0.59) 

0.43 
(0.35-0.58) 

.24 

ALT, µmol/l 0.33 
(0.26-0.43) 

0.33 
(0.27-0.48) 

0.31 
(0.21-0.40) 

.14 

ɣGT, µmol/l 1.6 
(1.0-2.5) 

1.6 
(1.0-2.2) 

1.6 
(0.9-2.9) 

.91 

Alcaline phosphatase, µmol/l 1.5 
(1.2-2.2) 

1.4 
(1.2-1.7) 

1.8 
(1.3-2.6) 

.029 

Albumin, g/l 43.2 
(39.3-45.0) 

43.2 
(39.6-45.6) 

43.3 
(39.0-45.0) 

.91 

Leucocytes, Gpt/l 7.0 
(5.8-7.8) 

7.0 
(5.9-7.8) 

7.0 
(5.5-7.7) 

.87 

Haemoglobin, mmol/l 7.5±1.4 7.5±1.3 7.6±1.5 .59 

Cholinesterase enzyme, µmol/l 87.6±29.4 87.6±31.3 87.6±27.3 .99 

Haematocrit 0.35±0.05 0.35±0.05 0.35±0.05 .92 

C-Reactive Protein, mg/l 4.4 
(1.2-11.2) 

4.8 
(1.0-15.1) 

3.7 
(1.6-6.7) 

.47 

Total serum protein, g/l 69.3 
(64.5-72.7) 

69.6 
(64.0-73.6) 

69.3 
(62.9-72.3) 

.59 

 

Supplemental Table 4: Baseline laboratory findings according to MNA score. 

AST = aspartate aminotransferase, ALT = alanine aminotransaminase, BUN = blood urea nitrogen, eGFR = estimated glomerular 
filtration rate (Cockcroft-Gault formula), GGT = gamma glutamyl transferase, NT-proBNP = N-terminal pro-brain natriuretic 
peptide. 
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Supplemental Table 5 

 

 

 

 

 

 

 

 

 

 

 

 

    
  All MNA > 8 MNA ≤ 8 p-value 

n 86 49 37  

MLHFQ 32.0 

(24.0-40.0) 

33.0 

(23.0-43.5) 

32.0 

(26.5-36.8) 
.94 

MLHFQ physical 21.2±8.1 21.0±8.5 21.6±7.6 .80 

MOS-SF-36 42.8±16.2 44.8±17.7 40.2±14.0 .28 

MOS-SF-36 physical 29.5±26.5 33.8±27.4 22.0±21.8 .035 

6MWD, m 251±128 268±125 227±131 .15 

Supplemental Table 5: Quality of life and 6MWD according to MNA score. 

MNA = Mini Nutritional Assessment score, MLHFQ = Minnesota Living with Heart Failure Questionnaire, MOS-SF-36 = 
Medical Outcomes Study – 36-Item Short-Form health survey, 6MWD = six minute walk test distance.  
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Supplemental Table 6 

 
    

  All MNA > 8 MNA ≤ 8 p-value 

n 43 24 19 
 

Age (years) 78±4.0 77±4.0 80±3.4 .017 

Female, n (%) 18 (42) 8 (33) 10 (53) .34 

BMI, kg/m² 27±4.39 27±5 27±3.6 .93    

EuroSCORE II, % 5.8 (2.8-10.7) 4.5 (2.5-11.4) 6 (3.9-9.6) .53    

STS mortality score, % 3.4 (2.5-6.4) 3.3 (2.4-4.9) 4.9 (2.93-8.0) .29    

NYHA II, n (%) 14 (33) 10 (42) 4 (21) .27    

NYHA III, n (%) 22 (51) 11 (46) 11 (58) .63    

NYHA IV, n (%) 7 (16) 3 (12) 4 (21) .73    

Lead across tricuspid valve, n (%) 11 (26) 6 (25) 5 (26) 1.0   

Previous PCI, n (%) 12 (28) 7 (29) 5 (26) 1.0    

Previous CABG, n (%) 8 (19) 5 (21) 3 (16) .98    

HFrEF, n (%) 19 (44) 11 (46) 8 (42) 1.0    

Chronic pulmonary disease, n (%)           12 (28) 5 (21) 7 (37) 0.41    

Child-Pugh class B, (%) 1 (2) 0 (0) 1 (5) 0.30 

Beta-blocker, n (%) 41 (95) 23 (96) 18 (95) 1.0    

Aldosterone antagonist, n (%) 10 (23) 6 (25) 4 (21)  1.0    

Diuretic, n (%) 39 (91) 22 (92) 17 (89) 1.0    

Furosemide dosis equivalent, mg 40 (25-80) 40 (22.5-95) 40 (22-80) 1.0    

 

Supplemental Table 6: Baseline characteristics of patients undergoing isolated TTVR. 

BMI = body mass index, CABG = coronary artery bypass grafting, HFrEF = heart failure with reduced ejection fraction,  NYHA = New York 
Heart Association functional class, PCI = percutaneous coronary intervention, STS = Society of Thoracic Surgeons. Values are expressed in 
mean ± SD or median (IQR) where appropriate. Counts are expressed in n (%). 
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Supplemental Table 7 

 
    

                 All MNA > 8          MNA ≤ 8 p-value 

n  43     24 19 
 

LVEF, % 54±13 53±14 54±12 .77    

LVEDD, mm 49±6 48±6 49±6 .49    

TAPSE <17mm, n (%) 12 (28) 7 (29) 5 (26)  1.0    

RV-FAC <35%, n (%) 12 (28) 7 (29) 5 (26) 1.0    

TV EROA (PISA), cm² 0.5  

(0.4-0.7)  

0.5  

(0.4-0.7)  

0.5  

(0.4-0.7) | 18 

.79    

TR vena contracta, mm 9 (7.5-11)  9 (7-11.2)  9 (8-11)  .97    

TV annulus diameter, mm 50±5 49±5 50±6 .68    

sPAP, mmHg 48±15 46±13 50±18 .49    

IVC diameter, mm 27±7 25±6 30±7 <0.01    

TR Grade 2, n (%) 0 0 0  

TR Grade 3, n (%) 40 (93) 24 (100) 16 (84) .16    

TR Grade 4, n (%) 3 (7) 0 3 (16) .16    

 

Supplemental Table 7: Baseline echocardiographic findings in patients undergoing isolated TTVR. 

EROA = effective regurgitant orifice area, IVC = inferior vena cava, LVEDD = left ventricular end-diastolic diameter, LVLEF = left 
ventricular ejection fraction, MNA = Mini Nutritional Assessment score, PISA = proximal isovelocity surface area, RV-FAC = right 
ventricular fractional area change, sPAP= systolic pulmonary artery pressure, TAPSE = tricuspid annular plane systolic excursion, TR 
= tricuspid regurgitation, TV = tricuspid valve. Values are expressed in mean ± SD or median (IQR) where appropriate. Counts are 
expressed in n (%). 
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Supplemental Table 8 

 
     

 
MNA not improved 

n = 7 

MNA improved 

n = 36 
 

Parameter Baseline 1-Month FU Δ Baseline 1-Month FU Δ 

Age, years 77±5.11 
  

79±3.75 
  

BMI, kg/m2 25±5.24 25±4.08 -0.12±2.77 27±4.19 27±3.7 0 ± 1.4 

Furosemide, mg 40 (25-80) 40 (30-80) 0 (-10-20) 40 (30-80) 40 (20-80) 0 (-20-10) 

MLHFQ 12±8.96 35±11.79 23±6 29±11.52 26±18.67 -3±8 

MLHFQ physical 10±7.55 20±5.29 -0.3±12.5 19±6.92 15±9.18 -4±9.2 

MOS - SF-36, % 64 (57.5-70.5) 52 (44.2-58) -8 (-23.8--7) 40 (34-51.5) 60 (36-76)† 12 (-1.5-33.5)‡ 

MOS - SF-36 
physical, % 

62.5 (52.5-80) 42.5 (31.2-50) -20 (-48.8--
2.5) 

15 (5-37.5) 50 (15-72.5)† 20 (-10-55)‡ 

6MWD, m 345  

(296.2-383.2) 

352  

(197.5-393.2) 

7 (-124-15) 277 

(134.8-388.5) 

326  

(252.5-416.2)† 

49 (23-74.5)‡ 

       

   Supplemental Table 8: Changes in BMI, furosemide dose, QoL measures and 6MWT distance in patients undergoing isolated TTVR. 

BMI = Body Mass Index, FU = Follow-Up, MLHFQ =Minnesota Living with Heart Failure Questionnaire, MOS - SF-36 = Medical Outcomes Study – 
36-Item Short-Form health survey, 6MWD = six minute walk test distance. 
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Supplemental Table 9 

 
    

  MNA not improved 

n = 7 

MNA improved 

n = 36 

 
Parameter Baseline 1-Month FU Δ Baseline 1-Month FU Δ 

LVEF, % 48±17.6 49±16.47 0.86±5.84 55±11.76 56±9.11 1.1±9.02 

LVEDD, mm 52±7.34 54±4.79 2.4±5.19 48±5.68 49±5.35 1.3±4.48 

TAPSE, mm 19±5.65 16±4.11 -2.3±2.93 16±3.95 16±3.55 -0.72±4.17 

RVFAC, % 44±8.83 40±10.02 -3.5±5.43 40±10.11 38±9.01 -2.2±8.79 

TV EROA (PISA), cm² 0.5 (0.5-0.75) 0.2 (0.1-0.4)* -0.4 (-0.5- -0.25) 0.5 (0.4-0.6) 0.2 (0.1-0.3)† -0.3 (-0.5--0.2) 

TR Vena contracta 11 (9-12) 6 (5-8)* -4 (-7- -4) 9 (8-11) 5 (4-6)† -4 (-5--3) 

TV ann. diameter, mm 52±7 49±7 -2.9±3 50±6 46±6† -2.7±4.46 

TR Regurgitant volume, ml 57.5 (49-61) 15 (14-30)* -30 (-34 - -22) 45 (35-53) 19 (12-25.5)† -27 (-37 - -18) 

sPAP, mmHg 50±11.92 47±12.39 -2.9±5.98 47±15.66 48±14.89 -0.21±15.79 

IVC diameter, mm 26±5.06 24±3.9 -2±2.36 28±6.77 21±6.35† -7±6.67‡ 

 

Supplemental Table 9: Echocardiographic findings at baseline and after one month of follow-up in patients undergoing isolated TTVR. 

EROA = effective regurgitant orifice area, IVC = inferior vena cava, LVEDD = left ventricular end-diastolic diameter, LVLEF = left ventricular ejection 
fraction, MNA = Mini Nutritional Assessment score, PISA = proximal isovelocity surface area, RV-FAC = right ventricular fractional area change, sPAP= 
systolic pulmonary artery pressure, TAPSE = tricuspid annular plane systolic excursion, TR = tricuspid regurgitation, TV = tricuspid valve. Values are 
expressed in mean ± SD or median (IQR) where appropriate. Counts are expressed in n (%). 
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Supplemental Table 10 

 

 

  

 
MNA not improved 

n = 7 

MNA improved 

n = 36 

 
Parameter Baseline 1-Month FU Δ Baseline 1-Month FU Δ 

   NT-proBNP (pg/mL) 5307.5  

(2183.2-10515.2) 

6166  

(2077-8689.8) 

859 (-350-1765) 3164 (2150-6555) 2508 (1612-
5906)* 

-250 (-1290-90) 

   eGFR, ml/min 43±14.26 44±18.39 1.0±5.42 45±19.37 47±18.14 2.0±4.52 

   Creatinine, mg/dl 1.4 (1.3-1.7) 2.1 (1.3-2.2) 0.7 (-0.1-1.4) 1.3 (1.1-1.7) 1.4 (1-1.5) 1 (-0.3-2) 

BUN mmol/l 13.4 (8-26) 13.7 (6.4-25) 0.3 (-2.2-2.2) 11 (8.2-17.8) 9.6 (7-12.3) -1.4 (-4.8- -2.2) 

Bilirubin total, µmol/l 12.8 (8.7- 14.9) 13.0 (12.4-14.5) 0.2 (-0.3-4.3) 14 (8.8-18.6) 13 (9.1-16.3) -1.0 (-4.9-1.2) 

AST, µmol/l 0.41 (0.4-0.4) 0.47 (0.4-0.5) 0.06 (-0.05-0.1) 0.46 (0.4-0.5) 0.46 (0.3-0.6) 0 (-0.07- 0.08) 

ALT, µmol/l 0.41 ( 0.3 - 0.5 ) 0.48 (0.4 - 0.5) 0.07 (-0.1-0) 0.34 (0.3-0.4) 0.46 (0.3 - 0.6) 0.12 (-0.1-0.2) 

ɣGT, µmol/l 1.29 (0.9-1.6) 1.29 (1-1.5) 0 (-0.3-0.3) 1.6 (0.8-2.4) 1.5 (1.2-2) -0.1 (-0.4-0.1) 

Alcaline phosphatase, µmol/l 1.61 (1.3-1.7) 1.67 (1.4-1.8) 0.06 (-0.1-0.2) 1.5 (1.2-2) 1.6 (1.2-2) -0.1 (-0.3-0.1) 

Albumin, g/l 42 (40.8-45) 45 (41-46.8) 3 (0-0.8) 45 (41-47) 45 (44-46.5) 0 (-2-2) 

Leucocytes, Gpt/l 6.81 (6.1-7) 6.18 (5.8-7.1) -0.7 (-0.7-0.5) 7 (5.8-7.9) 6.3 (5.5-7.3) -0.7 (-1.3-0.3) 

Haemoglobin, mmol/l 7.5 (6.5-8) 7.4 (6.6-7.8) -0.1 (-0.5-0.3) 7.7 (7-8.5) 7.8 (6.6-8.3) 0.1 (-0.6-0.2) 

CHE, µmol/l 93±30 96±26 3±13 93±29 100±28 7±15.07 

Haematocrit 0.36±0.04 0.36±0.04 0±0.05 0.36±0.05 0.36±0.05 0±0.001 

C-Reactive Protein, mg/l 2.6 (1.2-4.3) 4.3 (2.6-6.6) 1.7 (-1.0 -3) 3.7 (0.8-5) 2.1 (1.7-5.4) -1.6 (-2.6-2.5) 

Total serum protein, g/l 75.5 (74.2-76.8) 75 (75.2-77.8) -0.5 (-4.5--0.2) 70.8 (68.8-74.7) 69.2 (66.3-72.7) -1.6 (-0.1-6.7) 

 

Supplemental Table 10: Laboratory findings in patients undergoing isolated TTVR at baseline and after one month of follow-up. 
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Supplemental Table 11 

 

  

    
  All MNA > 8 MNA ≤ 8 p-value 

n 43 25 18 

 
Age (years) 78 (74.5-82) 80 (74-82) 80 (72-83) 1.0 

Female, n (%) 21 (49) 12 (48) 9 (50) 1.0 

BMI, kg/m² 26 (23.9-28.4) 26 (24.9-28.7) 24.75 (23.4-27.7) .14 

EuroSCORE II, % 7.4 (4.4-9.7) 6.2 (4.4-9.3) 7.4 (4.5-9.7) .87 

STS mortality score, % 4.1 (2.8-5.9) 4.3 (3.2-5.9) 3.6 (2.7-5.8) .61 

NYHA II, n (%) 0 0 0  

NYHA III, n (%) 28 (65) 16 (64) 12 (67) 1.0 

NYHA IV, n (%) 15 (35) 9 (36) 6 (33) 1.0 

Lead across tricuspid valve, n (%) 19 (44) 11 (44) 8 (44) 1.0 

Previous PCI, n (%) 10 (23) 9 (36) 1 (6) .049 

Previous CABG, n (%) 4 (9) 4 (16) 0 .21 

HFrEF, n (%) 27 (63) 14 (56) 13 (72) .44 

Chronic pulmonary disease, n (%) 9 (21) 4 (16) 5 (28) .58 

ACEI / ARB, n (%) 35 (83) 22 (88) 13 (76) .57 

Child-Pugh class B, (%) 2 (5) 0 (0) 2 (11) 0.30 

Beta-blocker, n (%) 38 (88) 24 (96) 14 (78) .17 

Aldosterone antagonist, n (%) 16 (37)| 10 (40) 6 (33) .90 

Diuretic, n (%) 43 (100) 25 (100) 18 (100) 1.0 

Furosemide dosis equivalent, mg 40 (22.5-80) 40 (20-80) 60 (40-100) 0.11 

Supplemental Table 11:  Baseline characteristics of patients undergoing combined TMTVR. 

ACEI = angiotensin-converting enzyme inhibitor, ARB = angiotensin receptor blocker, BMI = body mass index, CABG = coronary artery 
bypass grafting, HFrEF = heart failure with reduced ejection fraction, NYHA = New York Heart Association functional class, PCI = 
percutaneous coronary intervention, STS = Society of Thoracic Surgeons. Values are expressed in mean ± SD or median (IQR) where 
appropriate. Counts are expressed in n (%). 
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Supplemental Table 12 

 

 

 

 

  

  

                 All MNA > 8          MNA ≤ 8 p-value 

n  43      25 18  

     

LVEF, % 43 (25.5-60.5) 48 (25-61) 34.5 (30-51.5) .57 

LVEDD, mm 57 (48.5-65) 49 (44-59) 59 (55.5-67.2) .03 

TAPSE <17mm, n (%) 20 (47) 14 (56) 6 (33) .25 

RV-FAC <35%, n (%) 16 (37) 8 (32) 8 (44) .61 

TV EROA (PISA), cm² 0.44 (0.3-0.6) 0.45 (0.3-0.5) 0.55 (0.4-0.8) .09 

TR vena contracta, mm 9 (7-10) 9 (7-10) 9 (7-11) .42 

TV annulus diameter, mm 49±5.13 50±4.47 49±6.06 0.74    

sPAP, mmHg 54±16.89 52±11.64 58±23.45 .41 

IVC diameter, mm 28 (24.2-30) 25.5 (22.8-29) 30 (25.2-31.8) .23 

TR Grade 2, n (%) 6 (14) 3 (12) 3 (17) 1.0 

TR Grade 3, n (%) 32 (74) 20 (80) 12 (67) .53 

TR Grade 4, n (%) 5 (12) 2 (8) 3 (17) .69 

Supplemental Table 12: Baseline echocardiographic findings in patients undergoing combined TMTVR. 

EROA = effective regurgitant orifice area, IVC = inferior vena cava, LVEDD = left ventricular end-diastolic diameter, LVLEF = left ventricular 
ejection fraction, MNA = Mini Nutritional Assessment score, PISA = proximal isovelocity surface area, RV-FAC = right ventricular fractional 
area change, sPAP= systolic pulmonary artery pressure, TAPSE = tricuspid annular plane systolic excursion, TR = tricuspid regurgitation, TV 
= tricuspid valve. Values are expressed in mean ± SD or median (IQR) where appropriate. Counts are expressed in n (%). 
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Supplemental Table 13 

 

 

  

     

 
MNA not improved 

n = 15 

 

MNA improved 

n = 28 
 

Parameter Baseline 1-Month FU Δ Baseline 1-Month FU Δ 

Age, years 78 (74-82.5)   78.5 (75-82)   

BMI, kg/m2 28 (25.2-32.1) 28 (24-33) 0 (-1.6-0.9) 26 (23.8-26.9) 25 (24-26) -1 (-1.4- 0.3) 

Furosemide, mg 60 (40-150) 60 (40-190) 0 (-10-10) 40 (20-70) 40 (20-50) 0 (-15-5) 

MLHFQ 36 (34.5-37.8) 34 (21.5-43.5) -2 (-5-11) 33 (25.5-44.5) 23 (15-33.5)† -10 (-19.5--1) 

MLHFQ physical 25±6.28 23±9.58 -2 (-4-7) 22±8.54 15±9† -7 (-12.2--3) 

MOS - SF-36, % 43±11.91 42±25.94 -1±30 38±15.12 52±15.57† 14±25.2 

MOS - SF-36 physical, % 17 (5-35) 20 (0-52.5) 3 (-18.8-23.8) 15 (7.5-42.5) 45 (17.5-65)† 30 (-5-45) 

6MWD, m 169±98.69 177±128.56 8±97.5 247±118.01 311±127.02† 64±80.01 

 

Supplemental Table 13: Changes in BMI, furosemide dose, quality of life measures and 6MWT distance in patients undergoing combined 
TMTVR. 

BMI = Body Mass Index, FU = Follow-Up, MLHFQ =Minnesota Living with Heart Failure Questionnaire, MOS - SF-36 = Medical Outcomes 
Study – 36-Item Short-Form health survey, 6MWD = six minute walk test distance. 
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Supplemental Table 14 

 

  

    

  
MNA not improved 

n = 15 

MNA improved 

n = 28 
 

Parameter Baseline 1-Month FU Δ Baseline 1-Month FU Δ 

LV-EF, % 30 (24.5-62) 33 (25.5-49.5) 3 (-6.5-6.5) 44 (31-59.5) 49 (32.5-56) 5 (-4-5.5) 

LVEDD, mm 59 (51-65.5) 57 (53.5-64) -2 (-3.5--0.5) 54 (45.5-59) 51 (46.5-57) -3 (-5.5-3) 

TAPSE, mm 16±4.41 16±4.33 0±4.7 17±4.49 17±4.27 0±3.56 

RVFAC, % 37±12.06 37±9.78 0±12 36±8.49 37±8.99 1±9 

TV EROA (PISA), cm² 0.4 (0.3-0.6) 0.2 (0.1-0.4)* -0.2 (-0.3-0) 0.5 (0.3-0.6) 0.2 (0.1-0.4)† -0.3 (-0.3--
0.1) 

TR Vena contracta 9 (8-9.5) 6 (4.5-7)* -3 (-5--1) 9 (6.8-10) 5 (4-7.2)† -4 (-5--1) 

TV annulus diameter, 
mm 

48±4.79 40±5.42* -8.1±7.23 50±5.31 44±5.85† -5.9±5.85 

sPAP, mmHg 53 (46-59) 48 (36-55.5) -5 (-15-5.5) 53 (46-67) 43 (36.2-46.5)† -10 (-25--
1.8) 

TR Regurgitant 
volume,ml 36 (30.5-41.5) 23 (16.5-33)* -13 (-21.5--1.5) 44 (30-69) 17 (12.5-37.5)† -27 (-43.5-

-11) 

IVC diameter, mm 27 (24-29) 24 (18.5-29) -3 (-6-2) 28 (24.5-30.5) 22 (19-28)† -6 (-9--1) 

Supplemental Table 14: Echocardiographic findings at baseline and after one month of follow-up in patients undergoing combined TMTVR. 

EROA = effective regurgitant orifice area, IVC = inferior vena cava, LVEDD = left ventricular end-diastolic diameter, LVLEF = left ventricular 
ejection fraction, MNA = Mini Nutritional Assessment score, PISA = proximal isovelocity surface area, RV-FAC = right ventricular fractional 
area change, sPAP= systolic pulmonary artery pressure, TAPSE = tricuspid annular plane systolic excursion, TR = tricuspid regurgitation, TV = 
tricuspid valve. Values are expressed in mean ± SD or median (IQR) where appropriate. Counts are expressed in n (%). 
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Supplemental Table 15 

Supplemental Table 15: Laboratory findings in patients undergoing combined TMTVR at baseline and after one month of follow-up. 

    

  
MNA not improved 

n = 15 

MNA improved 

n = 28 

 
Parameter Baseline 1-Month FU Δ Baseline 1-Month FU Δ 

   NT-proBNP (pg/mL) 6521 (2510.5-13720.5) 7292 (2730.5-18153.2) 1166 (-235.5-2577.5) 2663 (1965-5728.8) 2344 (1292.8-
4763)† 

-370 (-1218.2-319.5) 
| 26 

   eGFR, ml/min 35 (26.5-48) 35 (25-36) -2.5 (-9.8-0.5) 46 (34.8-54.2) 54 (42-60.8)† 8 (-2.8-12.8) 

   Creatinine, mg/dl 1.67 (1.4-2) 1.78 (1.4-2.1) 0.11 (-0.1-0.3) 1.41 (1.1-1.5) 1.12 (1-1.3)† -0.3 (-0.2-0.1) 

BUN mmol/l 
14.2 (11.8-18.5) 13.95 (11.2-23.1) -0.3 (-2.2-5.9) 10.25 (8.7-13.1) 9.2 (7.2-11.7) -1.0 (-3.3-1.2) 

Bilirubin total, µmol/l 
10.75 (6.6-18.1) 10.15 (7.7-13.2) 0.25 (-2.5-0.8) 15.45 (11.6-18.6) 11.15 (8.6-17.2)† -4.3 (-7.4--0.3) 

AST, µmol/l 
0.49 (0.4-0.6) 0.415 (0.4-0.5) -0.09 (-0.1-0) 0.43 (0.3-0.5) 0.4 (0.3-0.4) -0.01 (-0.1-0.1) 

ALT, µmol/l 
0.3 (0.2-0.6) 0.2 (0.2-0.3) -0.1 (-0.2--0.1) 0.3 (0.2-0.4) 0.3 (0.2-0.4) -0.07 (-0.1-0) 

ɣGT, µmol/l 
1.8 (1.2-4) 1.6 (1-3.8) -0.2 (-0.6--0.1) 1.6 (1.1-2.4) 1.3 (1-2.4) -0.3 (-0.6-0.1) 

Alcaline phosphatase, µmol/l 
1.59 (1.3-1.8) 1.82 (1.5-2.4) 0.2 (0-0.4) 1.38 (1.2-2.3) 1.41 (1.1-1.8)† -0.3(-0.4-0) 

Albumin, g/l 
40.8 (37.1-42.8) 40.6 (38.9-43.9) -0.5 (-1.4-2.8) 42.7 (39-44.6) 45 (41.4-46)† 2 (0.2-3.2) 

Leucocytes, Gpt/l 
6.94 (5.7-7.6) 7.04 (6-7.5) 0.1 (-0.6-2.1) 7.34 (5.8-7.9) 6.905 (5.8-7.9) -0.7 (-1-0.5) 

Haemoglobin, mmol/l 7.2 (6.4-8.2) 6.3 (5.9-7.2) -0.7 (-1.2-0) 7.7 (7-8.2) 7.5 (7.2-7.9) -0.1 (-0.4-0.2) 

CHE, µmol/l 66 (57.2-80.2) 65.5 (59.8-86) 0.5 (-2-5.8) 80 (58-91) 92 (68-115)† 12 (2-26) 

Haematocrit 0.34±0.04 0.34±0.04 0.013±0.04 0.38±0.04 0.38±0.04 0.0079±0.04 

C-Reactive Protein, mg/l 
6 (4.4-21.4) 4.9 (3.4-57) -1 (-8.5-9.7) 3.6 (1.8-8.9) 3.3 (1.6-7.4) -0.3 (-4.7-0) 

Total serum protein, g/l 65.0 (62-72.5) 65.0 (62.3-65.2) 0.2 (-0.2-0-1.9) 66.6 (60-72) 71.8 (68-74)† 5.2 (2.1-9.1) 
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Supplemental Figures 

 

Supplemental Figure 1 

 

 

Supplemental Figure 1. Nutritional status according to NRS scores at baseline and follow-up after TTVR or TMTVR.  
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Supplemental Figure 2 

 

 

 

Supplemental Figure 2: Binary logistic regression analysis of clinical parameters associated with MNA improvement. 

eGFR = estimated glomerular filtration rate (Cockcroft-Gault formula), IVCD = inferior vena cava diameter, 6MWD = six 
minute walk test distance. 
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Supplemental Figure 3 

 

 

Supplemental Figure 3. Kaplan-Meier graph of event-free survival (death and rehospitalization for heart failure) in patients 

undergoing TTVR or TMTVR stratified according to median MNA score at 1 month. 
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Supplemental Figure 4 

 

 

 

 

 

Supplemental Figure 4: Median (IQR) MNA scores according to patient BMI at baseline and follow-up. 
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