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outcomes of MRA discontinuation in a
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ABSTRACT

Introduction Mineralocorticoid receptor antagonists
(MRAs) reduce mortality and morbidity in patients with
heart failure and reduced ejection fraction (HFrEF), but are
largely underused. We evaluated the frequency, motives,
predictors and outcomes of MRA discontinuation in a real-
world heart failure population.

Methods and results This was a single-centre,
retrospective cohort study where medical record-based
data were collected on patients with HFrEF between

2010 and 2018. In the final analysis, 572 patients were
included that comprised the continued MRA group (n=275)
and the discontinued MRA group (n=297). Patients that
discontinued MRA were older, had a higher comorbidity
index and a lower index estimated glomerular filtration
rate (eGFR). Predictors of MRA discontinuations were
increased S-potassium, lower eGFR, lower systolic blood
pressure, higher frequency of comorbidities and a higher
left ventricular ejection fraction. The most common

reason for MRA discontinuation was renal dysfunction
(n=97, 33%) with 59% of these having an eGFR <30 mL/
min/1.73m? and elevated S-potassium (n=71, 24%)

with 32% of these having an S-potassium >5.5 mmol/L.
Discontinuation of MRA increased the adjusted risk of all-
cause mortality (HR 1.48; 95% Cl 1.07 to 2.05; p=0.019).
Conclusions Half of all patients with HFrEF initiated on
MRA discontinued the treatment. A substantial number of
patients discontinued MRA without meeting the guideline-
recommended levels of eGFR and S-potassium where mild
to moderate hyperkalaemia seems to be the most decisive
predictor. Further, MRA discontinuation was associated
with increased adjusted risk of all-cause mortality.

INTRODUCTION

Mineralocorticoid  receptor  antagonists
(MRAs) reduce mortality and morbidity in
patients with heart failure and reduced ejec-
tion fraction (HFrEF), and on this basis they
have received a class 1 indication in Euro-
pean and US guidelines.'” Yet, the use of
MRA remains suboptimal in patients with
HFrEF.” ** Discontinuation of MRA contrib-
utes mostly to its underuse since about one-
third of all patients initiated on MRA discon-
tinue treatment.® '’

," Gustav Wessberg,' Helena Norberg,?
Adrian Séderstréom," Fredrik Valham,' Ellinor Bergdahl,' Krister Lindmark

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Mineralocorticoid receptor antagonists (MRAs) re-
duce mortality and morbidity in patients with heart
failure and reduced ejection fraction, but are largely
underused. A large contributor to the underuse of
MRAs is discontinuation but it is not clear why and
to which extent MRAs are discontinued in real-world
heart failure patients.

WHAT THIS STUDY ADDS

= In this study, we found that about half of all pa-
tients initiated on MRA discontinued the treatment,
which is slightly higher than previous reports. The
most common reasons for discontinuation in clinical
practice were reduced renal function and hyperka-
laemia; however, a substantial number of patients
withdrew from MRA before meeting the guideline-
recommended levels of estimated glomerular fil-
tration rate and S-potassium. Continuing MRA had
a benefit on survival despite initial moderately re-
duced function and development of worsening renal
function during MRA treatment.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= We suggest that the risk of inadequate means of
follow-up restrains optimal use of MRAs, especially
in patients with moderately impaired renal function
and/or mild hyperkalaemia. Our findings provide
explanations to the gap between guideline-directed
use of MRAs and real-world practice.

Adverse effects of MRA treatment can be
potentially serious and include worsening
renal function, hyperkalaemia, hypoten-
sion and sexual side effects such as gyneco-
mastia. The European Society of Cardiology
(ESC) heart failure guidelines recommend
half a dose of MRA if serum-potassium (S-po-
tassium) is above b5.5mmol/L, if serum-
creatinine (S-creatinine) rises to 221 pmol/L
or if the estimated glomerular filtration
rate (eGFR) is under 30mL/min/1.73m>
However, MRA treatment should be discon-
tinued if S-potassium rises to >6.0 mmol/L or
eGFR decreases under 20mL/min/1.73 m2.*
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Serious hyperkalaemia (S-potassium >6.0mmol/L) is
associated with an increased risk of malign arrhythmias
and sudden cardiac deaths and the risk of developing
hyperkalaemia is higher with older age and impaired
renal function."" ™" Since a majority of the HFrEF popula-
tion is elderly, with a mean age of 75 years, and almost half
have at least moderately impaired renal function, hyper-
kalaemia is an important risk to consider.'* '° Further, a
significant proportion of the patients have several other
comorbidities to consider.'® An abundant number of
comorbidities including renal dysfunction may affect the
extent of MRA treatment and the risk of MRA withdrawal
in patients with heart failure.

A large contributor to the underuse of MRA is discon-
tinuation where previous studies have shown a discon-
tinuation rate of 30-47%.°'" In the present study on
real-world patients with HFrEF, we wanted to understand
the reasons why MRA is withdrawn to such a large extent.
The aims were to determine:

1. characteristics and outcomes in patients with HFrEF—
patients continuing MRA treatment versus patients
discontinuing MRA treatment,

2. the incidence of MRA discontinuation and reinitiation
as well as predictors of MRA discontinuation including
comorbidity burden, and

3. why MRA is discontinued in clinical practice.

METHODS

Study design and patient population

This was an observational, single-centre, retrospective
cohort study.

Medical records were screened for all patients who
received a diagnose of heart failure (International Classi-
fication of Diseases codes 150.X, 142.0, 142.6, 142.7, 142.9,
111.0, 113.0 and 113.2) who had at least one contact with
the Heart Centre or Department of medicine at Umea
University Hospital, Sweden between 2010 and 2018. We
excluded all patients with EF above 40% and those who
died before 1 January 2016. All patients who were treated
with MRA at index were included.

Data collection

We manually collected data from the medical records
regarding medical therapy, laboratory data, clinical,
echocardiogram and electrocardiography parameters.
Patients were included from 1 January 2010 until 20
March 2018. The start of the data collection was 1 June
2015, and the end of data collection was 28 February
2019. Index data were collected at the time of diagnosis; if
the patients were diagnosed before 2010, index data were
collected as close as possible to 1 January 2010. Follow-up
data were collected by the journal entry closest to the end
of the data collection period, which ranged from March
2016 to February 2019. The index date was chosen for
analysis of baseline predictors for continuation as well as
for the survival analysis.

The medical records were examined to determine if
MRA had been discontinued during the study period.
Temporary cessation due to, for example, hospitalisation,
infection where treatment was swiftly reinitiated was not
considered to be a discontinuation. Reinitiation was also
determined by examination of the medical records and
was only counted as a reinitiation if the treating physician
had the intention that the patient would continue with
the medication for a longer period of time.

To record the reasons for discontinuation, the analysis
of the medical records was done by direct content anal-
ysis.'® The principles of this method are to use existing
theory and prior research to identify concepts as initial
coding categories. We initially used 18 codes with oper-
ational definitions to specify each code. The medical
records on patients who discontinued MRA were scru-
tinised by one of the co-authors (AS) to determine the
reasons for MRA discontinuation, and when applicable,
reasons for MRA reinitiation. The paragraphs from the
medical records where the reasons for discontinuation
were mentioned were pasted into a data file. Co-au-
thors AS and AJH used the paragraphs from the medical
records to identify a suitable predefined coding category.
Each patient was given up to three coding categories. If
we did not find any explanation in the medical records,
we evaluated the laboratory data with a focus on hyperka-
laemia and elevated S-creatinine.

The most common index for calculation of the total
comorbidity burden is the Charlson Comorbidity Index
(CCI) that provides a combined score for the disease
burden of the patient.19 ) CCI was calculated by searching
for ICD-codes that corresponded to each comorbidity
and by reviewing the medical records of each patient.
Renal dysfunction was defined as eGFR lower than
60mL/min/1.73m? as calculated by the revised Lund-
Malmo equation. Hyperkalaemia was defined as S-potas-
sium >5.5mmol/L.

Outcomes

The outcomes in this study were frequency of MRA
discontinuation and reinitiation. The reasons for MRA
discontinuation and reinitiation were derived from the
qualitative data analysis. All-cause mortality in patients
with HFrEF was compared between those discontinuing
MRA versus those who continued MRA during the study
time.

Statistical analysis

All analyses were performed in IBM SPSS Statistics
V.25. The two-tailed significance level was set at p<0.05.
Categorical variables are presented as frequencies (%).
Continuous variables are expressed as mean and SD when
normal distributed and as medians with IQR when not
normal distributed. OR and HR are presented as estimate
and 95% CIs. Comparison of characteristics was carried
out with the Pearson y? test for categorical variables and
Fisher exact test when appropriate. Student’s t-test was
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used for continuous values with normal distribution and
Mann-Whitney U test when not normal distributed.

Multivariable logistic regression was used to assess
factors associated with MRA discontinuation. A subgroup
multivariable logistic regressions analysis was performed
by excluding all patients with S-potassium >5.5mmol/L
and eGFR <30mL/min/1.73 m2 All covariates were
included in the analysis simultaneously since our aim was
to evaluate how different covariates affected the outcome
and not to build a predictive model.

Associations of all-cause mortality and MRA use were
assessed with the Cox proportional hazard model. We
performed the analyses adjusting for the following covari-
ates: sex, age, eGFR, S-potassium and CCI. In the CCI-
score, renal dysfunction was excluded to preserve the
independency since we also included eGFR as a covariate.
Assumptions of proportionality of hazard were verified
by log-log plots. The Kaplan-Meier method was used to
construct cumulative survival groups for the discontinued
and the continued MRA groups. Primary comparisons
between the two groups were based on the log-rank test.

RESULTS

From a total of 4449 patients in the heart failure popula-
tion, 1739 patients had a left ventricular ejection fraction
(LVEF) <40%. Sixty-nine patients were excluded due to
death within 1 month after heart failure diagnosis. A total
of 1137 patients were alive on 1 January 2016. Of these,
572 patients were treated with MRA and were included in
the final analyses comprising the continued MRA group
(n=275) and the discontinued MRA group (n=297). MRA
was reinitiated in 124 (42%) of the patients that discon-
tinued MRA. Of these 124 patients, 53 (43%) had an
additional discontinuation. Patients that discontinued
MRA were more often women, were older and had a
slightly lower eGFR. Notably, there were no differences
in treatment with angiotensin-converting enzyme inhib-
itor, angiotensin receptor blocker, angiotensin receptor
neprilysin inhibitor, beta-blocker or LVEF (table 1).

According to the CCI score, the discontinued MRA
group had a higher frequency of moderate to severe
chronic kidney disease (eGFR <60mL/min/1.73 mg),
cerebrovascular disease, peripheral vascular disease and
leukaemia/malignant lymphoma/metastatic cancer.
Overall, the total CCI score was higher in the discon-
tinued MRA compared with the continued MRA group
(table 2).

Predictors for the risk of MRA discontinuation were
increased S-potassium, lower eGFR, lower systolic blood
pressure, higher CCI score and higher LVEF. Notable,
higher age and female sex were not associated with
increased risk of MRA discontinuation in the multi-
variable logistic regression analysis (figure 1A). When
patients with real or relative contraindications to MRA
were excluded, eGFR was no longer a predictor for MRA
discontinuation but all other predictors remained signif-
icant (figure 1B).

Patientsin the continued MRA group had a higher prob-
ability of survival, log rank p<0.001 (figure 2). In total,
there were 184 deaths, 61 (22%) in the continued MRA
group and 123 (41%) in the discontinued MRA group;
the mean follow-up time was 837+705 days. Discontinu-
ation of MRA was associated with an increased adjusted
risk of all-cause mortality (HR 1.48; 95% CI 1.07 to 2.05;
p=0.019), but not S-potassium or eGFR (figure 3).

The direct content analyses of the medical records
showed that the most common reasons for MRA discon-
tinuation were renal dysfunction (n=97, 33%), followed
by elevated S-potassium (n=71, 24%). Low blood pres-
sure (97x17mm Hg) and orthostatic hypotension was
the third most common reason (n=56, 19%), followed
by patientreported side effects (n=22, 7%). The most
common side effects reported were vertigo, nausea,
tiredness and overall reduced general condition. Lack of
compliance (n=19, 6%) was another reason for discontin-
uation and was comprised of patients either not wanting
to initiate treatment or that the patient discontinued
treatment without recommendation from their physician
(figure 4).

In the 97 (33%) patients with renal dysfunction as
a reason for MRA discontinuation, only 54 patients
(56%) had an eGFR <30mL,/min/1.73 m? and 95 (98%)
had an eGFR <60mL/min/1.73m2 (mean eGFR were
30+11.3mL/min/1.73m?). Further, 71 patients (24%)
had elevated S-potassium as a reason for discontinuation,
but only 23 (32%) of these had S-potassium >5.5 mmol/L
and 10 (14%) had S-potassium >6.0 mmol/L (mean S-po-
tassium (+SD) 5.4+0.6 mmol/L). Thirty-eight patients had
both renal dysfunction and elevated S-potassium listed as
reasons for discontinuation, which means that there were
130 patients listed with renal dysfunction and/or hyper-
kalaemia. Of these 130 patients, 78 (60%) had eGFR
>30mL,/min/1.73 m? and S-potassium <5.5mmol/L.

DISCUSSION

The most common reasons for MRA discontinuation in
our heart failure population were renal dysfunction and
elevated serum-potassium, but a large proportion did not
have actual guideline-recommended contraindications.
Our discontinuation rate of 52% is slightly higher than
previously reported rates of 30-47% in previous registry
and observational studies.’ ' *' # However, comparisons
between studies should take into account differences
in contextual settings, populations and study designs.
Nearly 50% of the patients who discontinued MRA
attempted reinitiation of therapy, but about half of these
had another MRA discontinuation. Of those with renal
dysfunction, 98% had <60 mL/min/1.73 m? but only 59%
had eGFR <30mL/min/1.72 m?. Moderately impaired
renal function (eGFR <60mL/min/1.72 m2) was previ-
ously described as a major limiting factor for MRA treat-
ment.”' ® In patients with moderately impaired renal
function, the risk of worsening renal function and hyper-
kalaemia is higher although it was shown not to affect the
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Table 1 Characteristics of patients with MRA treatment compared with patients with discontinued MRA treatment
Characteristics* Continued MRA (n=275) Discontinued MRA (n=297) P value
Female sex, n (%) 71 (26) 107 (36) 0.008
Age, years 72 = (11) 77x(12) <0.001
LVEF, % 36 + (8) 37 =(10) 0.054
Medical history, n (%)
Diabetes 17 (8) 12 (5) 0.271
Hypertension 181 (66) 216 (73) 0.063
Coronary artery diseaset 133 (49) 151 (52) 0.563
CRT/CRT-D/ICD 62 (23) 71 (24) 0.700
Open heart surgeryt 61 (22) 81 (28) 0.146
Atrial fibrillation 121 (44) 161 (54) 0.015
Physical examination
Heart rate, bpm 74 = (16) 75 = (16) 0.279
Systolic BP, mm Hg 123 = (19) 127 = (20) 0.036
Diastolic BP, mm Hg 73 +(12) 73 +(12) 0.635
BMI, n (%) 28 + (6) 27 = (5) 0.082
NT-proBNP (ng/L) (median (IQR)) 979 (432-2481) 1547 (573-3531) 0.002
S-haemoglobin, mmol/L 134 + (17) 132 £ (17) 0.120
S-sodium, mmol/L 139 = (3) 139 = (3) 0.458
S-potassium, mmol/L 4.4 + (0.5 4.3 +(0.5) 0.242
eGFR, ml/min/1.73m? 59 + (17) 50 = (19) <0.001
Medications, n (%)
ACEI/ARB/ARNI 257 (94) 267 (90) 0.125
Beta-blocker 255(93) 268 (90) 0.287
Loop diuretic 174 (63) 202 (68) 0.233
Thiazide diuretic 73) 8(3) 0.912

*Values are means and SD, no. (%) or median (IQR) when appropriate. P values are from the Xz, Student’s t-test, Mann-Whitney U test or

Fisher’s exact test as appropriate.

TCoronary artery disease defined as either previous myocardial infarction or documented stenosis of >50%.

FOpen heart surgery includes coronary artery bypass graft/heart valve surgery/other.

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor; BMI,
body mass index; BP, blood pressure; CRT, Cardiac Resynchronisation Therapy; CRT-D, CRT with defibrillator; eGFR, estimated glomerular
filtration rate; ICD, implantable cardioverter-defibrillator; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist;

NT-proBNP, N-terminal pro-B-type natriuretic peptide.

clinical benefits of MRA.**** Managing hyperkalaecmia
often includes withdrawal of hyperkalaemia-inducing
medications such as MRA, which causes compromises as
it possiblly deviates its beneficial effects on morbidity and
mortality in HFrEF. A possible explanation to the high
frequency of MRA discontinuation without meeting the
guideline-recommended threshold is a shortage of safe
follow-up and laboratory monitoring in patients at higher
risks for side effects. Clinical guidelines recommend close
monitoring of renal function and electrolyte levels after
MRA initiation, but observational studies in real-world
settings show that those guidelines are frequently not
followed.?” *® Clinical monitoring within the first months
of initiation is of particular importance since this is when
the greatest changes in S-potassium and S-creatinine

OCCuI‘.17

In ESC guidelines, dose reduction of MRA is recom-
mended if S-potassium rises above 5.5mmol/L, and
a disruption of therapy recommended if S-potassium
exceeds 6.0 mmol/L. Furthermore, MRA should be re-in-
troduced if S-potassium goes back to normal after disrup-
tion of therapy.” In a Swedish observational study, 58% of
all patients who discontinued MRA had at least one event
of hyperkalaemia (S-potassium >5.5mmol/L) during the
first year of therapy; this compares to 24% of discontin-
uation due to hyperkalaemia in the present study where
only one-third of such patients had an actual S-potassium
>5.5mmol/L."” In our study, the high rate of withdrawal
due to hyperkalaemia without an actual S-potassium over
5.5mmol/L could be due to that half of the patients also
had reduced renal function, which further increases the
risk for serious hyperkalaemia. Serious hyperkalaemia
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Table 2 Patients with MRA treatment compared with patients with discontinued MRA treatment

Charlson Comorbidity Index Continued MRA (n=273) Discontinued MRA (n=295) P value
Myocardial infarction 100 (37) 125 (42) 0.173
Congestive heart failure All All

Peripheral vascular disease 11(4) 30 (10) 0.005
Cerebrovascular disease 49 (18) 85 (29) 0.002
Dementia 16 (6) 22 (7) 0.440
Chronic obstructive pulmonary disease 29 (11) 34 (11) 0.732
Connective tissue disease 11 (4) 21 (7) 0.111
Peptic ulcer disease 10 (4) 20 (7) 0.097
Diabetes mellitus—uncomplicated 17 (6) 12 (4) 0.243
Diabetes mellitus—end organ damage 60 (22) 71 (24) 0.555
Moderate to severe chronic kidney disease 144 (52) 203 (68) <0.001
Hemiplegia 1(0.4) 1(0.3) 1.000
Leukaemia/malignant lymphoma 6(2) 16 (5) 0.047
Solid tumour/cancer 31 (11) 37 (13) 0.663
Metastatic disease 3(1) 16 (5) 0.004
Liver disease—mild 1(0.4) 3(1) 0.625
Liver disease—moderate to severe 3(1) 1(0.3) 0.355
AIDS 0 0

Total CCl score (n, SD) 3.8(1.9 4.8 (2.4) <0.001

Values are means and SD or no. (%) when appropriate. P values are from the 2, Student’s t-test or Fisher’s exact test as appropriate.
CCl, Charlson Comorbidity Index; MRA, mineralocorticoid receptor antagonist.

(S-potassium >6.0 mmol/L) had an incidence of 1-5.5%
in the Randomized Aldactone Evaluation Study (RALES),
The Eplerenone in Mild Patients Hospitalization and
Survival Study in Heart Failure (EMPHASIS-HF) and
Eplerenone Post-AMI Heart Failure Efficacy and Survival
Study (EPHESUS) trials, but this has been seen more
commonly after introduction in the real-world clinical
practice.”” *% In our study, only 3% of the patients had
serious hyperkalaemia at discontinuation.

Noteworthy, when all patients with guideline-
recommended real or relative contraindications were
excluded, reduced renal function was no longer an
independent predictor of MRA discontinuation, but
S-potassium remained a predictor. An interpretation of
this is that S-potassium levels are more decisive for MRA
discontinuation in clinical practice than is decreased
eGFR. Further, female sex and elderly patients were
more common in the discontinued MRA group, but
these were not independent predictive factors for MRA
discontinuation in the multivariable analysis. It could be
that women with HFrEF more often have renal dysfunc-
tion compared with men, and that renal dysfunction and
other comorbidities are more abundant in the elderly.”
Low blood pressure and orthostatic hypotension was
the third most common reason for discontinuation,
and systolic blood pressure remained an independent
predictor for discontinuation in both of the multivari-
able logistic regression analyses. Reduced systolic blood

pressure is an independent predictor of mortality in
patients with HFrEF, however, MRA was shown to have the
least hypotensive effect compared with other guideline-
recommended medical treatments.®? % Therefore, it
has been suggested that MRA discontinuation should
be the last resort in cases with hypotension. However,
there are currently no present management recommen-
dation for hypotension in patients with HFrEF, which
is why it is often a subjective clinical judgement rather
than pre-defined blood pressure thresholds that deter-
mine if discontinuation is necessary as well as which
guideline-recommended medical treatment should be
discontinued.”

Improved EF was a reason for discontinuation in 20
patients (7%). In the Withdrawal of pharmacological
treatment for heart failure in patients with recovered
dilated cardiomyopathy (TRED-HF) trial, withdrawal of
angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers, beta blockers and MRA in asymptom-
atic patients with dilated cardiomyopathy with improve-
ment from LVEF less than 40% to over 50% or greater,
resulted in a substantial reduction in LVEF and wors-
ening symptoms within 8 weeks from withdrawal. This
study suggests that the improvement in cardiac function
following medical treatment does not reflect a sustained
recovery but rather reflects remission, which is why with-
drawal of medical treatment should not be attempted
since it is needed to maintain the remission.™
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Figure 1 (A) Multivariable logistic regression of factors
associated with MRA discontinuation for all patients
(n=572). (B) Subgroup multivariable logistic regression of
factors associated with MRA discontinuation, excluding all
patients with formal contraindications, that is, S-potassium
>5.5mmol/L and eGFR <30 mL/min/1.73m? (n=427). BP,
blood pressure; eGFR, estimated glomerular filtration rate;
MRA, mineralocorticoid receptor antagonist.

Patients who continued MRA had a higher probability
of survival (figure 2). This finding was consistent in the
adjusted survival analysis where MRA discontinuation was
associated with increased all-cause mortality after adjusting
for relevant covariates (figure 3). These results should be

100~ Log-rank test p<0.001

J —— Discontinued MRA
1 —— Continued MRA

Probability of Survival
3
1

Oftr—rr—rrrrrr 7T
0 20 40

Months

Figure 2 Kaplan-Meier survival plot for discontinued MRA
versus continued MRA (n=572). MRA, mineralocorticoid
receptor antagonist.

. HR (95% CI) P
MRA discontinued | b—!—| 1.477 (1.065-2.047) 0.019
Age_ ;. 1.061 (1.040-1.082) <0.001
Female sex = .—a——. 0.802 (0.580-0.109) 0.183
Serum Potassium - |—v——| 0810 (0.588-1.114) 0.195
eGFR- H 0.991 (0.980-1.001) 0.076
Ejection fraction - l 0983 (0966:1.000) 0,053
Charlson Comobidity Index | =] 1218 (Lide1297)  <0.001

M|
1
Hazard ratio

Figure 3 Adjusted risk of all cause-mortality in all patients
(n=572). eGFR, estimated glomerular filtration rate; MRA,
mineralocorticoid receptor antagonist.

interpreted with caution since this is an observational
study. A majority of our patients had at least moderately
impaired renal function, but eGFR was not associated
with increased adjusted risk of all-cause mortality. This is
in line with previous studies that show that the overall
benefits of MRA on survival were present despite initial
moderately reduced function and development of wors-
ening renal function during MRA treatment.** We
did not show an association between S-potassium and
adjusted risk of all-cause mortality. Previous studies have
shown an increased mortality risk with hyperkalaemia in
patients with heart failure; however, hyperkalaemia was
no longer associated with increased risk after adjusting
for  renin-angiotensin-aldosterone-system  inhibition
(RAAS-I) discontinuation, but RAAS-I discontinuation
was strongly associated with increased mortality."? 8557
This may imply that hyperkalaemia is rather a risk factor
for discontinuation and underuse of RAAS-I, however,
further research is needed to confirm the relationship
between hyperkalaemia and MRA discontinuation.

Limitations

The single-centre study design limits the generalisa-
bility and external validity of our results. Further, there
is probably a portion of patients with heart failure that
were treated in primary care that were not included
in our heart failure population. With a retrospective
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Palliative care [N
Prescribing errors I
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Patient reported side effect IR
Unknown reason  [[NNEGEGGNN
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Renal dysfunction | E—
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Figure 4 Reasons for MRA discontinuation (n=297). LVEF,
left ventricular ejection fraction; MRA, mineralocorticoid
receptor antagonist.
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observational study design, it is not possible to establish
cause—effect relationship. When describing treatment
effect on survival, we can only evaluate correlations
between groups rather than causation. Unfortunately,
the data in the medical records did not provide enough
information to assess the New York Heart Association
functional class.

Conclusions

In this study, we found that about half of all patients
initiated on MRA discontinued the treatment. The most
common reasons for discontinuation in clinical prac-
tice were reduced renal function and hyperkalaemia;
however, a substantial number of patients withdrew
from MRA before meeting the guideline-recommended
levels of eGFR and S-potassium. S-potassium levels seem
to be more decisive for MRA discontinuation than renal
dysfunction. Further, MRA discontinuation was associ-
ated with increased adjusted risk of all-cause mortality,
but not eGFR and S-potassium levels.
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