1JC Heart & Vasculature 37 (2021) 100903

Contents lists available at ScienceDirect | = —

CARDIOLOGY
IE %

EART &
VASCULATURE

IJC Heart & Vasculature

ELSEVIER journal homepage: www.sciencedirect.com/journal/ijc-heart-and-vasculature

L)

Check for

Influence of the ratio of mean arterial pressure to right atrial pressure on = [%&s
outcome after successful percutaneous edge-to-edge repair for severe mitral
valve regurgitation

Rico Osteresch® , Kathrin Diehl?, Patrick Dierks“, Johannes Schmucker®, Azza Ben Ammar ?,
Luis Alberto Mata Marin“, Andreas Fach®, Christian Frerker ™, Ingo Eitel >,

Rainer Hambrecht ?, Harm Wienbergen "¢

2 Bremer Institut fiir Herz- und Kreislaufforschung (BIHKF) am Klinikum Links der Weser, Bremen, Germany’

b Iiibeck University Heart Center, Medical Clinic II, Liibeck, Germa.ny1
¢ German Center for Cardiovascular Research (DZHK), Partner Site Hamburg/Kiel/Liibeck, Germany’

ARTICLE INFO ABSTRACT
Keywords: Background: It is important to identify further predictors of outcome after successful transcatheter mitral valve
Mitral regurgitation repair (TMVR), as optimal patient selection remains difficult.

Chronic heart failure
Transcatheter mitral valve repair
MAP/RAP ratio

Objective: The study investigates the prognostic benefit of the mean arterial pressure (MAP) to right atrial
pressure (RAP) ratio (MAP/RAP ratio) after successful TMVR in patients with congestive heart failure (CHF) and
severe mitral regurgitation (MR).

Method: Patients with CHF and severe MR were enrolled after successful TMVR (MR < 2+ at discharge). The
primary endpoint was a composite of all-cause mortality or hospitalisation for heart failure. The median follow-
up time was 16 + 9 months. Receiver Operating Characteristic (ROC) analysis was applied to assess the
discriminatory power of the MAP/RAP ratio. The predictive value of the MAP/RAP ratio threshold was inves-
tigated using a Kaplan-Meier analysis. Multivariable logistic regression analysis was conducted to evaluate in-
dependent risk factors for the combined primary endpoint.

Results: 145 patients (median age 76 [69-80 years], 60.3% male) were included. ROC curve analysis showed that
MAP/RAP ratio was associated with an area under the curve of 0.62 (95% confidence interval (CI) 0.53-0.71; p
= 0.01). A MAP/RAP ratio threshold of 7.13 was associated with 67.4% sensitivity and 57.0% specificity for the
combined primary endpoint. Event-free survival was significantly lower in the MAP/RAP ratio < 7.13 group
compared to those with MAP/RAP ratio > 7.13 (62.2% versus 39.4%; log-rank p = 0.022). In logistic regression
analysis MAP/RAP ratio was an independent predictor for the combined primary endpoint (odds ratio 0.75; 95%
CI 0.62-0.90; p = 0.002).

Conclusions: The MAP/RAP ratio is associated with an unfavorable outcome in patients undergoing successful
TMVR. Therefore, this new index could improve prognostic assessment of TMVR candidates.

1. Introduction Transcatheter mitral valve repair (TMVR) with the MitraClip system
(Abbott Vascular, Abbott Park, Illinois) offers a valuable treatment op-

Severe functional mitral regurgitation (FMR) due to left ventricular tion for these patients [2]. Early data from non-randomised observa-
remodeling occurs in up to 25% of patients with congestive heart failure tional studies, mostly including heart failure patients with FMR, show
(CHF) and is associated with an unfavorable prognosis [1]. that TMVR is safe, effectively reduces FMR and can improve patients’

Abbreviations: CHF, congestive heart failure; LV-EF, left ventricular ejection fraction; MAP, Mean arterial pressure; NYHA, New York Heart Association; RAP,
Mean right atrial pressure; TAPSE, tricuspid annular plane systolic excursion; TMVR, transcatheter mitral valve repair.
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functional status [3-10]. Nevertheless, numerous predictors of adverse
outcome after TMVR have been identified, e.g. procedural failure, New
York Heart Association (NYHA) functional class IV before TMVR, high
NT-proBNP levels, severely reduced left ventricular ejection fraction
(LV-EF) and concomitant right ventricular (RV) impairment
[6,9,11-14]. Evidence to date suggests that different subgroups of CHF
patients do not benefit equally from TMVR. Indeed, two simultaneously
published randomized clinical trials have obtained contradictory results
[15,16]. Both trials compared MitraClip plus optimal medical therapy
(OMT) with OMT alone in patients with CHF and FMR. These seemingly
contradictory results can be at least partially explained by variations in
patient selection. Hence, an appropriate patient selection for TMVR is
still difficult. It is therefore crucial to identify further risk factors of
poorer prognosis to better define the most appropriate patients in whom
TMVR has significant benefit. Although specific clinical and echocar-
diographic predictors of worse prognosis have already been identified,
the utility of invasively derived haemodynamic measurements is not
well established. Recently, pulmonary artery pulsatility index (PAPi),
defined as the ratio of pulmonary artery pulse pressure to right atrial
pressure, was the first haemodynamic index to show an association with
outcome in patients with CHF and FMR after TMVR [17]. The present
study analyses a new index, the ratio of mean arterial pressure (MAP) to
right atrial pressure (RAP), which describes the interaction between
systemic and pulmonary circulation. This new index takes into account
both left and right ventricular factors in congestive heart failure and
may serve as an additional marker of biventricular congestion. Thus,
MAP/RAP ratio may be more able to predict outcome in patients with
CHF undergoing TMVR than variables describing systemic or pulmonary
circulation alone. Therefore, the aim of the present study is to investi-
gate the utility of the MAP/RAP ratio in predicting outcome in CHF
patients undergoing TMVR.

2. Methods
2.1. Patient cohort

The study retrospectively analyses data from an ongoing single-
center registry of the Bremen Institute for Cardiovascular Research
(BIHKF) at the Bremen Heart Centre. The following inclusion criteria
were defined for study enrolment: successful TMVR (MR < 2 at
discharge) of severe FMR, CHF regardless of underlying heart disease
with a reduced LV-EF < 50%, NYHA functional class III and IV prior to
TMVR, established optimal heart failure drug and device therapy (if
indicated) at least 3 months prior to TMVR in accordance with the
currently valid recommendations [18].

TMVR was performed based on the Heart Team’s decision if the
mitral valve was anatomically suitable for TMVR, the patient was
deemed inoperable or the surgical risk was considered unacceptably
high. The logistic European System for Cardiac Surgical Risk Evaluation
(logistic EuroSCORE) was used as a decision aid. All study participants
were fully informed about the procedure and signed a written informed
consent form. The study is in accordance with the Declaration of Hel-
sinki. The locally appointed ethics committee has approved the research
protocol.

2.2. Echocardiographic and haemodynamic evaluation

Transthoracic and transoesophageal echocardiographic examina-
tions were recorded at baseline. The severity grade of MR was graded
based on current guidelines [19,20]. Transthoracic echocardiographic
evaluations were done before hospital discharge, 30 days after TMVR
and, if feasible, at follow-up. The severity of MR after TMVR was
assessed using the technique described by Foster et al. [21].

All included study participants underwent a baseline invasive hae-
modynamic examination during the screening period while conscious
and without sedation. Right heart catheter measurements were
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performed under stable chronic heart failure conditions, defined as
optimal drug therapy for heart failure with no changes in medication in
the previous 3 months. Right heart catheterisation was done with a
single lumen, balloon-tipped, flow-guided Swan-Ganz catheter (Arrow
International, Inc, Reading, Pennsylvania, USA) to achieve the following
parameters: systemic arterial systolic and diastolic pressure (RR syst.,
RR diast.) and MAP, pulmonary capillary wedge pressure (PCWP),
pulmonary artery systolic, mean and diastolic pressure (PASP, PAP
mean, PAP diast.) and RAP. Cardiac output (CO) was analysed using the
Fick method. Stroke volume (SV) was computed as CO / heart rate and
the stroke volume index (SVi) as SV / body surface area (BSA). BSA was
assessed based on the Du Bois formula. Systemic and pulmonary
vascular resistance (SVR, PVR) were calculated as the ratio of the
pressure drop across the vascular bed and CO and expressed in metric
units (dyn*s*cm™>). All values are given at end-expiration. PAPi was
computed as (PASP — PAP diast.) / RAP. Transpulmonary gradient was
defined as PAP mean - PCWP and MAP/RAP ratio as MAP/RAP.

2.3. TMVR and clinical outcome (study endpoints)

All interventions were carried out under general anaesthesia with
fluoroscopic and (3D) transoesophageal echocardiographic guidance.
The MitraClip procedure was done as previously mentioned [3,22].
Primary endpoint was a composite of all-cause mortality or heart failure
hospitalisation. The single endpoints all-cause mortality and hospital-
isation for heart failure were also analysed. Serious in-hospital adverse
events were documented (intervention-related death, disabling stroke,
non-fatal myocardial infarction, pericardial tamponade, urgent cardio-
vascular surgery due to adverse events, acute kidney failure requiring
dialysis, in-hospital bleeding and vascular access complications ac-
cording to Mitral Valve Academic Research Council [MVARC] criteria)
[23].

Standardised follow-up of the study participants was undertaken by
the Bremen Institute for Cardiovascular Research (BIHKF) after 30 days
and after a mean follow-up time of 16 + 9 months. If a study participant
was unable to attend the follow-up visit, a telephone interview was held
with either the patient themselves, their relatives or their general
practitioners. During long-term follow-up, major adverse cardiac and
cerebrovascular events (MACCE) were documented (disabling stroke,
non-fatal myocardial infarction, death from all causes, necessary inter-
ventional or surgical re-intervention). Health-related quality of life was
assessed using a standardised questionnaire (EQ-5D) and changes in
NYHA functional class.

2.4. Statistical analysis

Continuous data are presented as mean + standard deviation (SD) or
median (interquartile range) and were tested with the unpaired Student
s t-test for normally distributed variables or the Mann-Whitney U test for
skewed data. Distribution of data was assessed by Kolmogorov-Smirnov
test and distribution analysis. Categorical variables are displayed as
numbers and proportions and were compared with the Fisher’s exact test
or chi-square test. Receiver operating characteristic (ROC) curves were
applied to estimate the discriminatory ability of the MAP/RAP ratio and
to define a corresponding cut-off score for the combined primary
endpoint. This cut-off score was used to dichotomize the study cohort
into two groups (high and low ratio group). Pearson s and Spearman Rho
correlation function were applied to determine the relationship between
MAP/RAP ratio and haemodynamic variables (CI, PCWP, PVR, SVR,
PASP) and between MAP/RAP ratio and echocardiographic parameters
of LV and RV systolic function (LV-EF, tricuspid annular plane systolic
excursion [TAPSE] and doppler tissue imaging S [DTI-S 1). Multi-
collinearity was studied by using the variance inflation factor and a
value > 4 was defined as an index of multicollinearity. The Kaplan-
Meier method was used for survival analysis. The log-rank test was
used to estimate the event-free survival of combined primary and
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individual secondary endpoints. Multivariable binary logistic regression
analysis using stepwise backward elimination was used to determine the
relationship between MAP/RAP ratio and combined primary endpoint
adjusting for any associated covariates previously reported, including
TAPSE, LV-EF, creatinine levels, NT-proBNP levels, NYHA functional
class IV®, severe tricuspid valve regurgitation (TR III°) and for those
variables that differ significantly between the groups (see Appendix 1).
Goodness-of-fit was assessed using the Hosmer-Lemeshow-Test. A
multivariable Cox proportional hazards regression analysis with step-
wise backward elimination was conducted to investigate the impact of
relevant variables on all-cause mortality. Individual variables were
deleted in a stepwise backward selection until a model with a signifi-
cance level of 0.05 in all variables was achieved. A two-sided p value <
0.05 was considered statistically significant. All statistical analyses were
performed using SPSS version 27 (SPSS, Inc, Chicago, Illinois).

3. Results
3.1. Clinical characteristics

The Bremen MitraClip registry contains records of 402 patients in the
time period between November 2015 and November 2018. Of these, 145
patients were eligible for at least 12 months follow-up, had complete
invasive haemodynamics and fulfilled the aforementioned inclusion
criteria (Fig. 1). Clinical follow-up was achieved in all included study
participants. Mean follow-up time was 16 + 9 months. Median age of the
study population was 76 (69-79.5) years (67.6% male). Median MAP/
RAP ratio of the study population was 7.07 (5.20-10.58).

3.2. Validation of discriminative capacity and optimal cut-off value for
MAP/RAP ratio

MAP/RAP ratio showed discriminative capacity for combined pri-
mary endpoint (area under the curve (AUC) 0.62 [0.53-0.71]; p = 0.01;
Fig. 2). ROC curve analysis showed that optimal sensitivity and speci-
ficity for combined primary endpoint was achieved using a simple
nearest-to-median-threshold of 7.13 (sensitivity 67.4%, specificity
57.0%; Fig. 2).

This cut-off value for MAP/RAP ratio was used to dichotomize the
study population into a low ratio (<7.13, n = 74; 51%) and a high ratio
(>7.13, n = 71; 49%) group.

From November 2015 to November 2018, 402 patients with grade
3+/4+ MR underwent TMVR using the MitraClip system

" | LV-EF >50% and/or degenerative MR in 161 patients

— | Residual grade 3+/4+ MR at discharge in 16 patients

— | No clip implantation in 6 patients

— | TMVR as bail out strategy in 7 unstable patients

MAP/RAP ratio can not be calculated at baseline due to
incomplete/missing haemodynamic data in 67 patients

—

‘ Study population: 145 patients ‘

Low MAP/RAP ratio: High MAP/RAP ratio:
74 patients 71 patients

Fig. 1. Study flow chart. LV-EF: left ventricular ejection fraction; MAP: mean
arterial pressure; MR: mitral regurgitation; RAP: right atrial pressure; TMVR:
transcatheter mitral valve repair;
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Fig. 2. Receiver operating characteristic curve analysis for MAP/RAP ratio.
AUC: area under the curve; MAP: mean arterial pressure; RAP: right
atrial pressure.

3.3. Comparison of baseline variables

The proportion of male patients was significantly higher in the low
ratio group (Table 1). The vast majority of patients had several comor-
bidities with hypertension and coronary artery disease being the most
common. Of patients included, 37.9% had a history of myocardial
infarction. Patients in the low ratio group presented a higher body mass
index and trended to show higher levels of creatinine, respectively.
Patients in the low ratio group were more likely to have hypertension
and received more often an implantable cardioverter/ defibrillator
(ICD). The proportion of patients who were in NYHA functional class IV
before TMVR was similar in both groups. The study population received
maximal tolerated medical heart failure treatment with no differences in
discharge medication between groups except the higher proportion of
loop diuretics administered in the low ratio group (Table 1).

Variables of systemic blood pressure were comparable between
groups (Table 2), whereas PASP, PAP mean, PCWP, PAP diast. and RAP
were significantly higher in the low ratio group. CI and PAPi were
significantly lower in the low ratio group. SVR and PVR did not differ
significantly between groups (Table 2).

The degree of MR severity was similar between groups but patients in
the low ratio group show significantly lower LV and RV systolic function
as assessed by LV-EF, TAPSE and DTI-S‘ (Table 3). Concomitant TR III°
was more frequent in the group with low ratio. Patients in the high ratio
group trend to show higher systolic pulmonary pressure (Table 3).

3.4. Relationship of MAP/RAP ratio to echocardiographic and
haemodynamic parameters

A weak to modest positive correlation between MAP/RAP ratio and
echocardiographic parameters of LV and RV function was observed (LV-
EF:r=0.288, p < 0.001; TAPSE: r = 0.262, p = 0.001; DTI-S": r = 0.259,
p = 0.028). No correlation between MAP/RAP ratio and haemodynamic
variables of vascular resistance was found (SVR: r = 0.106, p = 0.19;
PVR: r = -0.004, p = 0.96). There was a strong inverse correlation be-
tween MAP/RAP ratio and PCWP and a modest inverse correlation be-
tween MAP/RAP ratio and PASP (PCWP: r = -0.556, p < 0.001; PASP: r
= -0.391, p < 0.001), whereas MAP/RAP ratio and CI were positively
correlated (r = 0.337, p (001). MAP/RAP ratio and PAPi show a strong
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Table 1
Demographic baseline characteristics according to MAP/RAP ratio before the
MitraClip procedure.

All Patients MAP/RAP < MAP/RAP > p-value
n =145 7.13 7.13
n=74 n=71
Age 76 (69-79.5) 74 (68-79) 77 (71-80) 0.12
years median
(IQR)
Male gender 98 (67.6) 58 (78.4) 40 (56.3) 0.007
n (%)
Body mass index 25.7 27.4 24.0 <0.001
median kg/m? (23.0-29.1) (24.6-30.0) (22.4-27.1)
IQR
NYHA functional 25 (17.2) 14 (18.9) 11 (15.5) 0.86
class IV
n (%)
Coronary artery 88 (60.7) 45 (60.8) 43 (60.6) 0.17
disease
n (%)
Previous 55 (37.9) 30 (40.6) 25(35.2) 0.61
myocardial
infarction
n (%)
Previous CABG 41 (28.3) 27 (36.6) 14 (19.8) 0.31
n (%)
Chronic atrial 70 (48.3) 39 (52.7) 31 (43.7) 0.55
fibrillation
n (%)
ICD 40 (27.6) 26 (35.2) 14 (19.7) 0.04
n (%)
ICD-CRT 19 (13.1) 9(12.2) 10 (14.1)
n (%)
PM-CRT 2(1.49) 1(1.49 1149
n (%)
Hypertension 106 (73.1) 61 (82.4) 45 (63.4) 0.01
n (%)
Chronic 21 (14.5) 14 (18.9) 7 (9.9) 0.22
obstructive
pulmonary
disease, n (%)
Diabetes mellitus 30 (20.7) 20 (27.1) 10 (14.0) 0.15
n (%)
Logistic 17.4 17.0 18.5 0.92
EuroSCORE (12.0-29.3) (12.8-30.0) (11.0-28.9)
median % (IQR)
NT-proBNP 4324 5240 3918 0.13
median ng/1 (2147-9575) (2434-12957) (2049-7954)
(IQR)
Creatinine 1.3 1.4 (1.1-2.0) 1.3 (1.0-1.6) 0.07
median mg/dl (1.0-1.75)
(IQR)
Renal 4 (2.8%) 0 4(5.6) 0.05
replacement
therapy
n (%)
No of Clips
implanted
n (%)
1 73 (50.3) 35 (47.3) 38 (53.5)
2 70 (48.3) 39 (52.7) 31 (43.7) 0.23
3 2(1.49) 0 (0) 2(2.8)
Discharge
medication
Beta-blocker 131 (90.3) 68 (91.9) 63 (88.7) 0.36
n (%)
ACE/R inhibitors 118 (83.1) 62 (83.8) 56 (78.9) 0.72
n (%)
Loop diuretics 131 (90.3) 70 (94.6) 61 (85.9) 0.03
n (%)
Aldosteron- 71 (49.0) 37 (50.0) 34 (47.9) 0.87
antagonists
n (%)
angiotensin 3(2.1) 11.49 2(2.8) 0.57
receptor-
neprilysin

inhibitor, n (%)

1JC Heart & Vasculature 37 (2021) 100903

ACE/R: Angiotensin converting enzym/ receptor blockers; CABG: coronary ar-
tery bypass graft; CRT: cardiac resynchronization therapy; ICD: implantable
cardioverter/ defibrillator; IQR: interquartile range; NT-proBNP: Brain natri-
uretic peptid; NYHA: New York Heart Association; PM: pacemaker.

positive correlation (r = 0.788, p < 0.001).

3.5. Short and long-term outcome

The rate of in-hospital mortality was 1.4% (n = 2). Both deceased
patients were in the low ratio group. No procedure related death
occurred. In-hospital bleeding and vascular access complications ac-
cording to MVARC criteria were reported in 6 patients (4.1%, 3 in each
group). In four of these cases, the hemorrhage was associated with the
site of vascular access. In two cases, the reason was due to gastrointes-
tinal bleeding. Two patients (1.4%, one in each group) presented with
pericardial tamponade and required pericardiocentesis. All-cause mor-
tality at 30 days after TMVR was 3.4% (n = 5). Patients with low MAP/
RAP ratio showed a higher mortality rate 30 days postprocedural as
compared with high MAP/RAP ratio, although statistically not signifi-
cant (5.4%, n = 4 vs. 1.4%, n = 1; p = 0.36).

The rate of heart failure hospitalisation at 30 days postprocedural
was 9.7% (n = 14) and trend to be higher in the low ratio group (13.5%,
n = 10 vs. 5.6%, n = 4; p = 0.09). At 30 days after the MitraClip pro-
cedure, 20.3% of patients in group A (n = 15) and 4.2% in group B (n =
3) continued to show residual high-grade tricuspid regurgitation despite
successful TMVR (p = 0.025).

The combined primary endpoint at long-term follow-up occurred in
74 patients (51.0%). Median time to first event was 5 (2-9) months.
Kaplan-Meier analysis for combined primary endpoint revealed a
significantly lower event-free survival in patients with low MAP/RAP
ratio as compared with high MAP/RAP ratio (62.2%, n = 46 vs. 39.4%,
n = 28; log-rank p = 0.01; Fig. 3a). The secondary endpoint of all-cause
mortality occurred in 47 patients (32.4%). Median time to all-cause
mortality was 7 (3-15) months. Patients with low MAP/RAP ratio
showed a significantly higher mortality rate as compared with high
MAP/RAP ratio (40.5%, n = 30 vs. 23.9%, n = 17; log-rank p = 0.043,
Fig. 3b).

During long-term follow-up, a total of 53 patients (36.6%) were
hospitalised for congestive heart failure (secondary endpoint). Median
time to first hospitalisation for heart failure was 9 (5-17) months. Study
participants in the low MAP/RAP ratio group demonstrated a signifi-
cantly higher hospitalisation rate for heart failure compared to the high
ratio group (44.6%, n = 33 vs. 28.2%, n = 20; log-rank p = 0.026,
Fig. 3c). At long-term follow-up, 14.9% of patients in the low ratio group
stayed in NYHA functional class IV and no one in the high ratio group (p
= 0.002). In addition, patients with low MAP/RAP ratio were more
likely to report that they did not benefit from TMVR (Fig. 4).

According to the multivariable binary logistic regression analysis
MAP/RAP ratio, PAPi, PaPsyst. and NYHA functional class IV prior to
intervention were identified as the only independent predictors for
combined primary endpoint (Table 4). Goodness-of-fit was assessed
using the Hosmer-Lemeshow-Test, indicating a good model fit, p = 0.18.
Furthermore, MAP/RAP ratio, PAPi and NT-proBNP levels remained the
strongest independent variables for all-cause mortality in Cox regression
analysis also after adjusting for other known haemodynamic, echocar-
diographic and clinical parameters (Table 4). There were no signs of
multicollinearity in the regression models (all variance inflation factors
below 2.5).

4. Discussion

The current study is the first to demonstrate that a low MAP/RAP
ratio in candidates for TMVR was associated with a higher rate of all-
cause mortality and hospitalisation for heart failure at long-term
follow-up. Furthermore, the study identifies MAP/RAP ratio as an
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Table 2
Baseline invasive haemodynamic parameters according to MAP/RAP ratio
before the MitraClip procedure.

All Patients MAP/RAP < MAP/RAP >
n =145 7.13 7.13
n=74 n=71

p-value

MAP/RAP Ratio 7.07 5.25 10.71
IQR (5.20-10.58) (4.29-5.94) (8.60-16.83)

HR 77 +£14.77 77 +£13.1 77 £16.4 0.86
mean beats/
min + SD

RR syst.
mean mmHg +
SD

RR diast.
mean mmHg +
SD

RR mean
median mmHg
(IQR)

PASP 60 +16.3
mean mmHg +
SD

PAP mean
mean mmHg +
SD

PCWP 29 +10.6
mean mmHg +
SD

V-wave
mean mmHg +
SD

PAP diast.
mean mmHg +
SD

RAP mean
mean mmHg +
SD

co 3.5(2.9-4.2)
median 1/min
(IQR)

CI 2.0 £+ 0.60
mean 1/min/m?

+ SD

PVR 279 + 201
mean
dyn*s*em > +
SD

TVR 1786 + 617
mean
dyn*s*em™° +
SD

CFP 0.48 + 0.24
mean mmHg +
SD

PAPi 2.69 (1.9-4.0)
median (IQR)

LVSWi
mean g/m~1/
m? + SD

RVSWi
mean g/m~'/
m? + SD

TPG 11 (6-15)
median mmHg
(IQR)

PA compliance
median ml/
mmHg (IQR)

MY 46 (36-58)
median ml/beat
(IQR)

Svi 24.9 23.5 25.5 0.04
median ml/m?/ (19.6-29.8) (18.2-28.5) (21.4-33.5)
beat (IQR)

LVEDV 127 138
median ml IQR)  (101-186) (106-183)

<0.001

127 + 26.0 124 + 25.7 130 + 26.1 0.18

71 +£12.77 71 £12.6 70 £13.1 0.99

88 (81-101) 88 (82-97) 89 (81-103) 0.14

64.9 + 15.4 54 +154 <0.001

39+10.6 44 +£10.2 34+88 <0.001

34+9.9 23+8.7 <0.001

42 +15.7 49 +13.1 35+ 15.1 <0.001

25+9.3 29 +9.2 21+75 <0.001

13+6.7 18 £5.1 8.0+ 3.4 <0.001

3.4 (2.7-4.1) 3.5 (3.0-4.3) 0.24

1.8 £0.42 21+0.71 0.007

290 + 216 267 + 184 0.5

1713 + 604 1849 + 625 0.17

0.58 + 0.24 0.37 £ 0.18 <0.001

2.0 (1.5-2.6) 4.0 (3.0-5.9) <0.001

22.0 £10.8 18.0 £ 7.6 26.2+12.1 <0.001

8.9+4.2 81+33 9.8+ 4.8 0.01

11 (6-15) 11 (6-15) 0.75

1.4 (1.0-1.9) 1.3 (0.9-1.7) 1.6 (1.1-2.2) 0.02

45 (35-57) 47 (38-63) 0.25

122(100-187) 0.41
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CFP: cardiac filling pressures; CI: cardiac index; CO: cardiac output; DPG: dia-
stolic pulmonary gradient; HR: heart rate; IQR: interquartile range; LVEDV: left
ventricular enddiastolic diameter; LVSWi: left ventricular stroke work index; PA:
pulmonary artery; PAPdiast.: pulmonary artery diastolic pressure; PAPi: pul-
monary artery pulsatility index; PAP mean: mean pulmonary artery pressure;
PASP: pulmonary artery systolic pressure; PCWP: postcapillary wedge pressure;
PVR: pulmonary vascular resistance; RAP: right atrial pressure; RR diast.: sys-
temic artery diastolic pressure; RR mean: systemic artery mean pressure; RR
syst.: systemic artery systolic pressure; RVSWi: right ventricular stroke work
index; SV: stroke volume; SVi: stroke volume index; TPG: transpulmonary
gradient.

Table 3
Baseline echocardiographic parameters according to MAP/RAP ratio before the
MitraClip procedure.

All Patients MAP/RAP < MAP/RAP > p-
n=145 7.13 7.13 value
n=74 n=71

Vena contracta 8+1.3 8+12 8+1.4 0.98
width
mean mm + SD

EROA 0.31 0.30 0.31 0.73
median cm? (0.24-0.42) (0.23-0.43) (0.25-0.42)
(IQR)

Regurgitant 48 (37-64) 45 (33-63) 50 (38-67) 0.18
volume
median ml
(IQR)

LV-EF 35+9.2 34+85 37 £9.7 0.02
mean % + SD

LVEDD 59 +£9.4 59 + 8.4 59 +10.4 0.66
mean mm =+ SD

LVESD 50 +£11.2 52 +£11.3 48 £11 0.12
mean mm =+ SD

RVEDD 39+7.9 41 £ 8.6 36 £6.3 0.002
mean mm =+ SD

TAPSE 18 + 4.3 17 + 4.4 19 + 3.9 0.008
mean mm =+ SD

DTI-S* 11.0 9.0 11.0 0.048
median cm/s (9.0-12.0) (7.0-11.75) (9.0-12.5)
(IQR)

TR severity grade 20 (14.2) 16 (22.2) 4(5.8) 0.001
e
n (%)

PaPsyst. 53 +13.6 51 £13.1 55 +14.0 0.09
mean mmHg +
SD

DTI-S“: doppler tissue imaging S‘; EROA: effective regurgitant orifice area; IQR:
interquartile range; LVEDD: left ventricular enddiastolic diameter; LV-EF: left
ventricular ejection fraction; LVESD: left ventricular endsystolic diameter;
PaPsyst.: pulmonary artery systolic pressure; RVEDD: right ventricular end-
diastolic diameter; TAPSE: tricuspid annular plane systolic excursion; TR:
tricuspid regurgitation.

independent predictor and defines a cut-off value of 7.13 as predictive
for worse clinical outcome. The predictive value of this newly developed
index is not influenced by other covariates.

In the presented study, we have tried to introduce a new index that
takes into account both left and right ventricular factors in congestive
heart failure. MAP is a surrogate parameter for systolic and diastolic
blood pressure and also for systemic vascular resistance. In addition,
MAP affects left ventricular end-diastolic pressure, especially in patients
with additionally compromised diastolic function that is superimposed
on heart failure with reduced ejection fraction [24]. On the contrary,
RAP reflects right ventricular preload. Higher levels of RAP indicate
elevated right-sided filling pressures which predict poor prognosis in
advanced heart failure [25,26]. Therefore, the MAP/RAP ratio includes
the functionality of both ventricles in a single index that provides a more
comprehensive look at the mutual interplay between the systemic and
pulmonary circulation. Consequently, MAP/RAP ratio may serve as an
additional marker of biventricular congestion. In this study the
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Fig. 3. a) Kaplan-Meier estimate of combined primary endpoint (composite of all-cause mortality and heart failure hospitalisation). Kaplan-Meier analysis showed a
significantly lower event-free survival in the low MAP/RAP ratio group (<7.13) compared to the high MAP/RAP ratio group (>7.13). b) Kaplan-Meier estimate of all-
cause mortality. Kaplan-Meier analysis showed a significantly lower survival in the low MAP/RAP ratio group (<7.13) compared to the high MAP/RAP ratio group
(>7.13). ¢) Kaplan-Meier estimate of heart failure hospitalisation. Kaplan-Meier analysis showed a significantly lower hospitalisation rate for heart failure in the low
MAP/RAP ratio group (<7.13) compared to the high MAP/RAP ratio group (>7.13). MAP: mean arterial pressure; RAP: right atrial pressure.

discriminatory capacity of MAP/RAP ratio remains modest despite a
strong association with outcome. MAP/RAP ratio should therefore not
be used in isolation for patient selection. Due to its limited sensitivity
and specificity thresholds it seems to be obvious, that there is not an
important threshold effect of MAP/RAP ratio. Therefore, MAP/RAP
ratio should be interpreted as a continuous rather than a categorial
variable. MAP/RAP ratio and PAPi are of added value in risk stratifi-
cation especially when they are interpreted together with other clinical
and echocardiographic variables that have already demonstrated their
utility in patient selection [3-10]. In the present study, MAP/RAP ratio
and PAPi were found to be the only haemodynamic correlates of
outcome because traditional haemodynamic parameters, i. e. blood
pressure, PCWP, CI and PCWP, did not have a positive impact on
prognostic assessment.

A weak correlation between MAP/RAP ratio and echocardiographic
variables of LV- and RV-systolic function was observed. This is consis-
tent with previous findings that invasively derived indices of cardiac
function have been shown to correlate poorly with echocardiographic

markers of left and right ventricular function [27]. The data from the
current study underscore the hypothesis that calculation of MAP/RAP
ratio beyond the determination of echocardiographic variables could
provide additional and clinically meaningful prognostic information
when selecting optimal candidates for TMVR. Unfortunately, some CHF
patients who underwent TMVR for severe MR do not report improve-
ment in quality of life despite successful MR reduction [6,9,11-14,28].
In this study, nearly 60% of study participants in the low ratio group
declared in a quality of life self-assessment that they didn‘t benefit from
successful TMVR. On the other hand, nearly 80% of patients in the high
ratio group reported that their functional status improved after TMVR.
These data further suggest that MAP/RAP ratio may help to identify
potential non-responder patients after successful TMVR. Two lately
published randomised controlled trials which investigated the outcome
of MitraClip therapy in heart failure patients with severe MR found
apparently conflicting results and exacerbate the issue of optimal patient
selection [15,16]. The MITRA-FR trial failed to demonstrate a positive
effect of TMVR in addition to optimal drug therapy on the primary
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Fig. 4. Health-realted quality of life self-assessment at long-term follow-up
according to the MAP/RAP ratio group. MAP: mean arterial pressure; RAP:
right atrial pressure.

Table 4
Multivariable Analysis for the combined primary endpoint and all-cause mor-
tality at long-term follow-up.

Combined Primary All-Cause Mortality

Endpoint
OR (CD P HR (CD P
Value Value
Multivariable
analysis
MAP/RAP Ratio 0.75 0.002 0.82 0.009
(0.62-0.90) (0.70-0.95)
PaP syst. 1.5 (1.05-2.17) 0.025 1.3 (0.98-1.72) 0.067
PAPi 0.96 (0.92-1.0) 0.047 0.96 0.01
(0.93-0.99)
NYHA IV 9.3 (2.2-38.8) 0.002 2.23 0.055
(0.98-5.08)
TR severity grad III° 3.0 (0.80-11.7) 0.10 - -
NT-pro BNP (per ng/ - - 1.21 0.005
D (1.12-1.30)

CIL: confidence interval; HR: hazard ratio; MAP/RAP ratio: Mean arterial pres-
sure to mean right atrial pressure ratio; NT-proBNP: Brain natriuretic peptid;
NYHA: New York Heart Association functional class; OR: odds ratio; PAPi:
Pulmonary artery pulsatility index; PaPsyst.: pulmonary artery systolic pressure;
TR: tricuspid regurgitation.

composite endpoint of all-cause death and unplanned rehospitalisation
for heart failure at 12 months. Conversely, the COAPT study demon-
strated that MitraClip significantly reduced the primary endpoint of
hospitalisations for heart failure and also mortality after 24 months. One
possible explanation for these contradictory results could be related to
substantial differences in patient selection. For example, identifying
additional risk factors for poorer prognosis, such as the MAP/RAP ratio,
could significantly simplify the selection of suitable patients for TMVR.

Further studies are needed to obtain more information to optimise
patient selection. The upcoming RESHAPE-HF-2 trial (RESHAPE-HF-2,
ClinicalTrials.gov Identifier: NCT01772108 Ref.) has the potential to
offer additional insights into this topic.

4.1. Study limitations

A limitation of the study is the small sample size and the lack of a
conservative control group. Nevertheless, it can be emphasized as a
strength of the study that the influence of the MAP/RAP ratio on prog-
nosis could be investigated in a patient cohort reflecting everyday
treatment without the common exclusion criteria for randomised
studies.

1JC Heart & Vasculature 37 (2021) 100903
4.2. Conclusions

This is the first study to show an strong association between MAP/
RAP ratio and outcome in CHF patients undergoing TMVR for severe
MR. A MAP/RAP ratio of <7.13 predicts a poorer outcome regardless of
other known risk factors. Therefore, MAP/RAP ratio may be used in risk
stratification to identify optimal candidates for TMVR.
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