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Abstract

Aims Patients undergoing percutaneous mitral valve repair (PMVR) show a substantial heterogeneity of prognostic and
symptomatic benefit. Iron deficiency and anaemia are associated with worse outcomes in heart failure patients. We investi-
gated the impact of these comorbidities on functional and clinical outcome after PMVR.
Methods and results Iron deficiency and anaemia were prospectively assessed in 130 patients undergoing PMVR with
MitraClip. Associations with functional outcomes at 6 weeks [6 min walking distance (6MWD), Short-Form-36 physical compo-
nent score, and Minnesota Living with Heart Failure Questionnaire score, New York Heart Association class] and long-term clin-
ical outcome were examined. Iron deficiency and anaemia were frequent with 52% and 50%, respectively. Patients with
anaemia showed significant worse baseline functional measures, whereas patients with iron deficiency showed only a trend
for lower baseline 6MWD. The benefit in functional outcomes after PMVR was notable and did not differ significantly by iron
deficiency or anaemia status (range of median changes in 6MWD 35 to 45 m, physical component score 5.6 to 7.2, Minnesota
Living with Heart Failure Questionnaire �8.0 to �10.5; improvement of ≥1 New York Heart Association class 69% to 80%).
Anaemia was associated with higher risk for the combined endpoint of mortality and heart failure hospitalization (hazard ratio:
2.51; 95% confidence interval: 1.24–5.1; P = 0.01), whereas iron deficiency showed a trend towards more heart failure hospi-
talizations (hazard ratio: 2.94; 95% confidence interval: 0.94–9.03; P = 0.09).
Conclusions The prevalence of iron deficiency and anaemia is high in patients undergoing MitraClip. Clinical baseline status
and long-term outcome were worse particularly in patients with anaemia. However, the functional benefit of PMVR was equal
in patients with and without iron deficiency and anaemia.
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Introduction

Percutaneous edge-to-edge repair [percutaneous mitral
valve repair (PMVR)] of mitral regurgitation (MR) is an in-
creasingly applied technique with more than 100 000 proce-
dures performed worldwide. A range of observational
studies showed an improvement in functionality and quality
of life after PMVR.1,2 However, there is a huge heterogene-
ity in the amount of improvement, with a substantial part of
patients showing no or only minor functional benefit.3

Furthermore, two recent randomized controlled trials in
highly selected patients with functional MR also showed in-
consistent results both regarding prognostic and symptom-
atic benefit in comparison with standard heart failure
therapy.4,5 The underlying causes for this effect heterogene-
ity are largely unclear so far and need further attention in
order to adapt patient selection for optimal treatment ben-
efit. In this context, potentially modifiable factors affecting
functional and symptomatic outcome after MitraClip are of
major interest.
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Iron deficiency (ID) and anaemia are common in patients
with cardiovascular disease, and in particular heart failure,
and are associated with worse clinical outcomes.6,7 Every
one out of five patients with heart failure has anaemia inde-
pendently of ejection fraction (EF). The presence of anaemia
is an independent risk factor for all-cause mortality or hospi-
talization rate.8–10 A significant relationship between
haemoglobin levels and health-related quality of life through
12months follow-up has also been reported.11 ID is also com-
mon in heart failure patients, with prevalence rates ranging
from 37% to 61%, and is an independent predictor of cardio-
vascular mortality.12 Jankowska et al. demonstrated that ID
occurred frequently in the absence of anaemia (32% of
non-anaemic patients had ID).13 The presence of ID in heart
failure is associated with lower physical capacity assessed by
6 min walking distance (6MWD), more fatigue, and worse
quality of life.

Given that almost all patients undergoing PMVR have se-
vere clinical heart failure syndrome, our hypothesis was that
ID and anaemia are frequent in these patients and negatively
affect clinical outcomes. The aim of this study was to investi-
gate the prevalence of ID and anaemia and the association
with functional outcomes 6 weeks after the procedure and
clinical long-term outcome in consecutive patients who
underwent PMVR at our centre.

Methods

We prospectively enrolled 162 consecutive patients at the
Heart Centre of the University Hospital Cologne with severe
MR, who planned to undergo PMVR with the MitraClip proce-
dure between June 2016 and October 2017. Details of patient
enrolment and assessments have been published recently.3

Briefly, all patients were discussed by a Heart Team,
including at least one interventional cardiologist, one
non-interventional cardiologist, and one cardiac surgeon, and
a decision on interventional treatment approach using
MitraClip was made based on surgical risk and MR aetiology,
morphological suitability, and other relevant patient charac-
teristics. All patients had an indication for MR treatment ac-
cording to current guidelines. The patients were included in
the study if written informed consent was given by the patient.
The study was approved by the local ethics committee of the
University of Cologne (reference 14-116, German Registry of
Clinical Trials registration DRKS00006194).

Pre-specified baseline characteristics were extracted from
records. Additionally, 6MWD,14 New York Heart Association
(NYHA) class,15 Minnesota Living with Heart Failure Ques-
tionnaire (MLWHFQ),16 and the generic, validated Medical
Outcomes Study Short-Form 36 (SF36, Optum insight,
Life Sciences, Inc.)17,18 were assessed during the hospitaliza-
tion before the MitraClip procedure and at an outpatient

follow-up about 6 weeks after the procedure by a trained
medical student who was blinded to procedural and
echocardiographic results. Laboratory markers such as
renal function and haemoglobin were part of routine
pre-procedural assessments. Additionally for this
study, iron status including ferritin, transferrin, and
transferrin saturation were assessed pre-procedurally in
consecutive patients.

Iron deficiency was defined according to criteria used in re-
cent randomized trials in patients with heart failure with re-
duced EF (serum ferritin < 100 μg/L or ferritin between 100
and 299 μg/L and transferrin saturation < 20%).6,7 Anaemia
was defined according to the World Health Organization
criteria (haemoglobin < 13 g/dL for male patients;
haemoglobin < 12 g/dL for female patients).

Results

Patient characteristics

Of 162 patients referred for MitraClip, there were 12 who
lacked iron status prior implantation; 18 did not receive
MitraClip but another percutaneous device; MitraClip was
not implanted in one patient due to a new vegetation shown
before grasping; and a MitraClip implantation was technically
not feasible in one patient due to severe biatrial dilatation. A
total of 130 patients were finally included in the analysis [me-
dian age 80 (interquartile range 8) years; 51% male patients).
A high surgical risk was present in all patients, and the logistic
Euroscore was >20 in 29%. The MR aetiology was degenera-
tive in 56.2% and functional in 43.9%. More than half of the
patients had preserved EF (55%), whereas 34% had an EF be-
tween 30% and 50% and 11% had a severely reduced EF of
<30%. Most patients (74.6%) suffered from chronic kidney
disease. Around 96.2% of patients were severely symptom-
atic in NYHA class III or IV. Eight patients were receiving iron
supplementation at study enrolment. A total of 118 patients
were under anticoagulation therapy. The haemoglobin levels
were significantly lower in the presence of ID.

Mitral regurgitation grade 2+ or less could be achieved in
the majority of participants (90%) and was similar between
groups. Blood transfusions were significantly more frequent
in anaemic patients. Device-related and procedure-related
complications were rare and did not differ between groups
[patients with any of the complications reported in Table 1:
8 (12.9%) vs. 12 (17.6%), P = 0.48 for ID groups and 9
(13.8%) vs. 11 (16.9%), P = 0.81 for anaemia groups]. Median
hospital stay was 7 (5) days and was significantly prolonged in
patients with anaemia (Table 1).

During a mean follow-up of 14 ± 6 months, 28 patients
(21.5%) died and 16 patients (12.3%) were admitted to the
hospital for decompensated heart failure.
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Iron deficiency

The prevalence of ID was 52% (68 patients) (Figure 1). The
distribution of ID was equal among categories of EF; 37 pa-
tients (52.1%) with EF > 50%, 23 patients (52.3%) with EF
30–50%, and 7 patients with EF < 30% (50%) had ID. ID was
also equally present in patients with functional and degener-
ative aetiology of MR (43.9% and 58.9%, P = 0.11). Female sex
(P = 0.009) and anaemia (P = 0.008) showed a significant as-
sociation with ID. In multivariate regression analysis, sex
was the only significant, potentially mediating predictor of ID.

At baseline, PCS, MCS, MLWHFQ, and NYHA class were
similar by ID status, whereas 6MWD was lower in patients
with ID, which was of borderline significance (Figure 2A–E).
Absolute changes of functional measures did not differ signif-
icantly by ID status, with improvements in both patients with
and without ID (Figure 2A–D). The 6MWD improved by 33 (0
to 137) vs. 39 (0 to 109) m, the PCS improved by 5.63 (1.64 to
9.88) vs. 7.24 (2.68 to 15.01), the MCS improved by 1.94

(�3.16 to 6.83) vs. 1.27 (�5.03 to 4.63), and the MLWHFQ
improved by �8 (�14 to �3) vs. �10.5 (�17 to �3) (Figure
2A–D). ID was not associated with changes of functional pa-
rameters in linear regression analysis with adjustment for
baseline values and in repeated-measures ANOVA (all P
values > 0.05). The NYHA class improved by ≥1 class in 71%
iron-deficient vs. 78% non-iron-deficient patients (Figure
2E). There was no evidence for an interaction of ID with MR
aetiology on functional outcomes (all tests for interaction
with P > 0.05, Supporting Information, Table S1).

Anaemia

The prevalence of anaemia was 50% (n = 65) (Figure 1). Anae-
mia was significantly associated with ID and renal function.
The association with N terminal pro brain natriuretic peptide
levels was of borderline significance. The prevalence of ID and
anaemia combined was 32.3% (N = 42). Multivariate

FIGURE 1 Prevalence of iron deficiency and anaemia in the study population. ID, iron deficiency.
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regression revealed ID and diabetes as independent predic-
tors of anaemia.

Patients with anaemia had significantly worse baseline
6MWD, PCS, MCS, and MLWHFQ, whereas NYHA class did
not differ significantly (Figure 2A–E). The absolute change of
functional measures between baseline and 6 weeks was not
significantly different by anaemia status. The 6MWD im-
proved by 45 (0 to 138) vs. 35 (0 to 86) m, the PCS improved
by 6.51 (3.06 to 10.59) vs. 5.74 (1.02 to 12.96), the MCS im-
proved by 1.3 (�5.05 to 3.77) vs. 1.96 (�3.08 to 6.79), and
the MLWHFQ improved by �9 (�16 to �4) vs. �9 (�14 to
�3) (Figure 2A–D). Anaemia was not associated with changes
of functional parameters in linear regression analysis with

adjustment for baseline values and in repeated-measures
ANOVA (all P values > 0.05). The NYHA class improved by
≥1 class in 69% anaemic vs. 80% non-anaemic patients (Fig-
ure 2E). There was no evidence for an interaction of anaemia
with MR aetiology on functional outcomes (all tests for inter-
action with P > 0.05, Supporting Information, Table S2).

Results for the association of ID and anaemia with functional
parameters were virtually unchanged after exclusion of pa-
tients without technical success of MitraClip, that is, not
achieving a reduction of MR severity of grade 2 or lower, and
after exclusion of patients taking oral iron supplementation or
receiving blood transfusions (N = 109). Associations were also
comparable for patients with both anaemia and ID present.

FIGURE 2 (A) Changes in 6MWD from baseline to 6 weeks by iron deficiency and anaemia, (B) changes in SF36 PCS from baseline to 6 weeks by iron
deficiency and anaemia, (C) changes in SF36 MCS from baseline to 6 weeks by iron deficiency and anaemia, (D) changes in MLWHFQ from baseline to
6 weeks by iron deficiency and anaemia, and (E) changes in NYHA functional class from baseline to 6 weeks by iron deficiency and anaemia. IQR, in-
terquartile range.
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Clinical outcomes

Iron deficiency was not associated with mortality [hazard ra-
tio (HR): 0.91; 95% confidence interval (CI): 0.42–1.97;
P = 0.81] but showed a trend towards more heart failure hos-
pitalizations (HR: 2.94; 95% CI: 0.94–9.03; P = 0.09). Anaemia
showed a borderline significant association with mortality
(HR: 2.2; 95% CI: 0.96–5.08; P = 0.06) and a significantly in-
creased risk of heart failure hospitalization (HR: 3.28; 95%
CI: 1.06–10.19; P = 0.04). ID was not associated with higher
risk for the combined endpoint of mortality and heart failure
hospitalization (HR: 1.38; 95% CI: 0.72–2.66; P = 0.33),
whereas anaemia was significantly associated with higher risk
for the combined endpoint of mortality and heart failure hos-
pitalization (HR: 2.51; 95% CI: 1.24–5.09; P = 0.01) and
remained significant (HR: 2.29; 95% CI: 1.08–4.85; P = 0.03)
after multivariate adjustment for age, sex, EF, estimated glo-
merular filtration rate, and ID. The association of anaemia
due to ID with the combined endpoint of mortality and heart
failure hospitalization was slightly weaker (HR: 1.46, 95% CI:
0.76–2.82; P = 0.26). Figure 3 shows a Kaplan–Meier analysis
for the combined endpoint of mortality and heart failure hos-
pitalization by iron deficiency and anaemia.

Discussion

There are four key findings arising from this study: the high
prevalence of anaemia and ID in patients undergoing PMVR;
the worse baseline functional status in patients particularly
with anaemia; the same absolute benefit in functional
outcomes after PMVR regardless of anaemia or ID; and a
worse clinical long-term outcome in patients with ID and
particularly anaemia.

Both ID and anaemia are of particular clinical relevance be-
cause diagnosis is easy through laboratory tests and
well-established treatments are available. In patients with
heart failure and reduced EF, intravenous iron supplementa-
tion can improve symptoms, functional capacity, and quality
of life, and there is preliminary evidence for beneficial effects
on renal function and disease progression.19 Although ran-
domized controlled trials on anaemia treatment using eryth-
ropoietin derivates in heart failure patients were neutral,
much experience exists for this treatment in patients with
chronic kidney disease.

In our study, one out of two patients had anaemia and one
out of two patients had ID. These results on ID are almost
identical to data reported for patients with heart failure with
reduced EF.20 The rate of ID in patients with heart failure with
preserved EF in a recent multicentre study is also comparable
with a prevalence of 55%.21 Similarly, a large study with more
than 13 000 heart failure patients showed a prevalence of
anaemia (42%) across different EF categories.8 Important to
note, half of our patients did have degenerative MR without
primary myocardial disease. Accordingly, mechanisms driving
development of ID and anaemia might be associated with
heart failure independently of underlying causes and inde-
pendently whether myocardial disease is causative. In sup-
port of the latter, in patients with aortic stenosis, 64% and
53% had pre-procedural anaemia and ID, respectively, sug-
gesting a similar impact of valvular heart failure.22

We observed a weak association of ID and a strong associ-
ation of anaemia with baseline functional status in patients
undergoing MitraClip therapy. This extends existing data on
patients with myocardial heart failure and patients undergo-
ing transcatheter aortic valve replacement.22 The very weak
association of ID might be due to the severe cardiac and
extra-cardiac morbidity in our patients, which might overlay
ID effects. Additionally, heart failure resulting from severe

FIGURE 3 FIGUREKaplan–Meier analysis for the combined endpoint of mortality and heart failure hospitalization by iron deficiency and anaemia.
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MR might dominate functional status of patients. In this con-
text, it would be interesting to examine the association be-
tween ID and functional status after successful MitraClip
procedure, which was not the objective of this study and
we do not have data on this.

The main objective of our study was to examine whether
patients with ID or anaemia show benefit in functional
outcomes and quality of life after percutaneous treatment
of MR. Both patients with ID or anaemia showed the same
magnitude of benefit regarding NYHA class, 6MWD,
MLWHFQ, and SF36 as patients without anaemia or ID. This
extends findings from an earlier small study by Hellhammer
et al. showing that patients with and without anaemia
experience equal improvement in NYHA class and MLWHFQ
after MitraClip.23 The magnitude of improvement in
functional outcomes is comparable with that of cardiac
resynchronization device therapy in appropriate patients,
where it showed an improvement of NYHA class in 58–75%
of patients, 39–50 m in 6MWD, and �16 to �21 in MLWHFQ
score.24 Interestingly, ID was strongly associated with
symptomatic response, reverse remodelling, and outcome in
patients undergoing cardiac resynchronization therapy
implantation,25 which somehow contrasts our findings for
MitraClip treatment. However, besides differences between
both patient populations in general, different mechanisms of
respective therapies might explain these findings. MitraClip
directly improves haemodynamics with reduction of pulmo-
nary capillary pressure.26 This might be the primary cause of
the short-term improvement in functional parameters, which
is independent of ID and anaemia. Although MitraClip
treatment has also the potential to reverse remodelling in
selected patients,27 we do not have data on follow-up
echocardiography in our patients and hence cannot estimate
the contribution of remodelling for clinical outcome.

The presence of ID in patients with heart failure with
reduced EF is significantly associated with mortality
irrespective of other risk factors.13,28 In our study population,
mortality was not associated with ID. However, the former
data were obtained from chronic stable heart failure with
reduced EF patients under optimized therapy. In our cohort,
patients underwent a structural procedure with the potential
to improve prognosis including mortality, which might
overlay the association of ID with outcome. Accordingly, the
association with heart failure hospitalization was only of
borderline significance.

Existing data on anaemia in the setting of MitraClip are in-
consistent. Hellhammer et al. showed similar survival in pa-
tients with and without anaemia.23 However, the study
sample was small und follow-up was short. Kaneko et al.
showed a significant association of pre-procedural anaemia
with higher mortality after MitraClip after adjusting the data
of 392 patients for covariates such as NYHA class, renal
function, age, and gender.29 We observed a similar risk of
about factor 2 associated with anaemia. However, we extend

previous data by showing a highly significant association of
anaemia with heart failure hospitalization by factor 3,
indicating a particular role of anaemia with progression of
the cardiac disease.

Study limitations

There are several limitations to mention. The definition of ID
is complex, and the usual approach of serum ferritin mea-
surement as a correlate of body iron store is not recom-
mended in heart failure and other inflammatory conditions.
We used the criteria of the substitution trials in heart failure
patients (e.g. CONFIRM-HF) to define ID, which is a pragmatic
method because it is directly linked to therapeutic benefit.
The sample size of 130 patients was limited and the patients
were heterogeneous as discussed above. This might be one
reason why association of ID with baseline functional mea-
sures was weak. In addition, the duration of follow-up of
6 weeks might be too short to achieve full functional recovery
after the procedure and gain maximum functional benefit.
However, we have shown earlier that there was no heteroge-
neity of functional benefit across short-term and long-term
follow-up.3 Finally, differences in volume and congestion sta-
tus across patients might impact functional parameters, and
we did not quantitatively assess this in our patients. How-
ever, premise for undergoing MitraClip in our institution is
clinical euvolaemia because overload might attenuate the
procedural success of grasping leaflets. Hence, we regard this
potential bias as minor.

Conclusions

The prevalence of ID and anaemia is high in patients undergo-
ing PMVR with MitraClip and is similar for patients with myo-
cardial heart failure, that is, secondary MR and patients with
primary MR. There was a worse clinical baseline status and a
worse clinical long-term outcome particularly in patients with
anaemia. However, the benefit in functional outcomes after
MitraClip was regardless of iron status and anaemia.

Statistical analysis

Baseline characteristics were presented as median (interquar-
tile range) and frequency (percentage) by status of ID and
anaemia and compared using Mann–Whitney U test and χ2

test, as appropriate. Independent predictors of ID and anae-
mia were identified by multivariate regression analysis includ-
ing baseline variables with a P < 0.1 in univariate association
tests. Associations of ID and anaemia were examined with
baseline measures of 6MWD, NYHA class, physical compo-
nent score (PCS) and MCS (mental component score), and
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MLWHFQ, as well as with the absolute change of these mea-
sures between 6 weeks follow-up and baseline. To account
for differences in baseline values impacting the absolute
change at follow-up, we used linear regression with absolute
changes as dependent variable and ID and anaemia as inde-
pendent variables adjusting for baseline values of functional
parameters and repeated-measures ANOVA. Association of
ID and anaemia with long-term mortality and heart failure
hospitalization was analysed using Kaplan–Meier survival
and Cox regression analysis. Multivariate analyses were con-
ducted adjusting for age and sex as well as potentially
effect-mediating variables such as EF, estimated glomerular
filtration rate, and ID. Analyses were performed using SPSS©

Version 25 (IBM© Corp. Armonk, NY, USA) and STATA/SE 12.1
(STATACorp LP, TX, USA).
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