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1 | INTRODUCTION

Heart failure is a disease with high mortality and morbidity, but
major advances have been made with the treatment during the
last decades. The treatment of heart failure has developed with
several medicines and devices that have proven benefit for both
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Summary

Aim: Previous studies and national assessments indicate an undertreatment of min-
eralocorticoid receptor antagonists (MRA) in heart failure with reduced ejection frac-
tion (HFrEF). This study aimed to investigate why MRA is not used to full extent.
Methods: A complete community-based heart failure population was studied. Several
variables were collected, and medical records were scrutinized to identify reasons for
not prescribing MRA.

Results: Of 2029 patients, 812 had EF <40%. Five hundred and fifty-three patients
(68%) tried MRA at some point but 184 of these (33%) discontinued therapy. There
were 259 patients that never tried MRA with 177 with a listed explanation or contrain-
dication. Eighty-two patients, 10% of the total HFrEF population, had no clear contrain-
dications. They were older and had less HF hospitalizations compared to patients on
MRA (P<0.05) and 32% did not have any follow-up at the cardiology clinic.
Contraindications to MRA were renal dysfunction (93 patients), hypotension (28 pa-
tients), and hyperkalemia (25 patients). Only six patients had hyperkalemia without renal
dysfunction. Of the patients with renal dysfunction, 66 (72%) had eGFR >30 mL/min.
Conclusions: The reasons why MRA are underutilized were mainly because of con-
traindications. However, the data suggest that physicians are overly cautious about
moderately reduced kidney function. There seems to be a 10%-18% avoidable under-
treatment with MRA, especially for elderly patients that are admitted to the hospital
for other reasons than heart failure. This suggests that patients with heart failure

would benefit from routine follow-up at a cardiology clinic.
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a majority of patients with heart failure with reduced ejection
fraction (HFrEF) as well as therapies that benefit subgroups of pa-
tients. With so many treatment options for such a large patient
population which is often old, frail, and have significant comorbid-
ities, heart failure treatment has become more and more complex.

With every new add-on therapy, the incremental absolute benefit
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TABLE 1 Baseline characteristics

Patients with EF

Characteristics <40% (N = 812)

Sex—n (%)

Male 563 (69)

Female 249 (31)
Age—years, mean (SD) 75 (12)
Systolic blood pressure—mm Hg, mean (SD) 126 (19)
Diastolic blood pressure—mm Hg, mean (SD) 74 (11)
Ejection fraction—%, mean (SD) 33(7)
Heart rate—beats/min, mean (SD) 75 (15)
Body mass index—kg/mz, mean (SD) 27 (5)

Laboratory values

NT-proBNP—pg/mL, median (IQR) 1224 (432-2899)

Potassium—mmol/L, mean (SD) 4.4 (1.5)
Serum creatinine—pmol/L? mean (SD) 108 (60)
Creatinine clearance—mL/min, mean (SD) 68 (33)
Creatinine clearance—n (%)
290 mL/min 182 (22)
60-89 mL/min 235(29)
30-59 mL/min 305 (38)
15-29 mL/min 76 (9)
<15 mL/min 6 (1)
Medical history—n (%)
Atrial fibrillation 387 (48)
Diabetes 185 (23)
Hypertension 554 (68)
Coronary disease® 386 (48)
Medications and devices—n (%)
ACE inhibitor 383 (47)
ARB 353 (43)
Beta-blocker 730 (90)
Diuretics 497 (61)
Digitalis 95(12)
Implantable cardioverter-defibrillator® 108 (13)
Cardiac resynchronization therapy® 105 (13)

ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker;
IQR, interquartile range; NT-proBNP, N-terminal pro-B-type natriuretic
peptide; SD, standard deviation.

“To convert the values for creatinine to mg/dL, divide by 88.4.
PCoronary artery disease defined as either previous myocardial infarc-
tion or documented stenosis of at least 50%.

‘Including patients with Cardiac Resynchronization Therapy Defibrillator
(CRT-D).

decreases for the individual patient but the reward for patients
who lack the most basic therapies are large. Perhaps there is a
higher group benefit to make sure the guidelines are implemented
to as many as possible. Registry studies have shown that many
patients with heart failure do not receive all the proper treatment
that they should.®

The cornerstones in treating HFrEF are angiotensin-converting
enzyme (ACE) inhibitors or angiotensin-receptor blockers (ARBs)
and beta blockers but also mineralocorticoid receptor antagonists
(MRAs).* ACE inhibitors only temporary suppress the production of
aldosterone, a phenomenon called “aldosterone escape.””” An over
activation of mineralocorticoid receptor by aldosterone leads to in-
creased sodium retention and potassium loss but also causes reduced
myocardial perfusion, myocardial interstitial fibrosis, increased pe-
ripheral vascular resistance, and baroreceptor dysfunction in patients
with chronic heart failure.®** This explains why MRA not only lowers
the risk of further hypervolemia and hypertension through block-
ing excessive sodium retention but are also cardio protective 81213
Landmark studies have shown that MRA treatment reduces mortality
and morbidity in patients with HFrEF***> and European guidelines
recommend MRA to all patients that despite standard therapy remain
symptomatic and have reduced ejection fraction.*1¢

MRA treatment should be used for eligible patients as it both
makes pathophysiological sense and has proven benefit. However,
several registry studies and national assessments indicate that heart
failure patients are prescribed ACE inhibitors and beta blockers to a
high extent, but it seems that MRA treatment is underutilized.r3
There are valid explanations to not use MRA in some patients. One
reason is the common side effects of MRA such as renal dysfunc-
tion, hypotension, and hyperkalemia which restrict the use in some
patients. Furthermore, the major contraindications which is potas-
sium levels >5 mmol/L, eGFR <30 mL/min/1.73 m?, serum creatinine
>221 pmol/L, and use of potassium-sparing diuretics also limits use
of MRAs in the overall heart failure popula\tion.13'15 It is largely un-
known to which degree patients do not receive treatment explained
by valid contraindications and side effects and to which degree it is
an avoidable undertreatment.

The overall aim of the study was to examine why MRAs are not
used to a full extent in eligible heart failure patients. Which are the

major obstacles to ensuring that the patients get proper treatment?

2 | METHODS

2.1 | Study population and data collection

All patients, hospitalized, and out clinic patients, that were diagnosed
with heart failure, both main and side diagnosis (ICD codes 150.X,
142.0, 142.6, 142.7,142.9, 111.0, 113.0, 113.2) at the Heart Centre or
Department of Internal Medicine between January 2010 and March
2016, and were residents within the catchment area of the Umea
University Hospital, Sweden, were identified in the hospital’s medical
records. Both incident and prevalent patients were included. Once
the patients had been identified, we manually collected data from
the medical records regarding drug therapy, laboratory data, clini-
cal, echocardiogram, and electrocardiography parameters. Baseline
data were collected at the time of diagnosis, and follow-up data were
collected by the journal entry closest to the end of data collection
period (September 2016). Patients diagnosed before 2010 had their
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baseline data collected by the journal entry closest to January 2010.
All patients who were alive at the end of the collection period and
had an ejection fraction (EF) of 40% or less at either the baseline col-
lection or at the end of the collection period were included. The text
in the medical records was further scrutinized by the first author of
the paper on all patients not receiving MRA to determine if the treat-
ment had been considered. If the treating physician had mentioned
MRA, those text segments were pasted into a data file where we

later could categorize the reasons for not treating the patients.

2.2 | Statistical analysis

For baseline and follow-up data, continuous variables are presented
as means with standard deviations and analyzed with Student’s t test.
Continuous variables without normal distribution are presented as
medians with interquartile range and analyzed with Mann-Whitney
U test. Categorical variables are presented with frequencies and per-
centage and analyzed with Pearson’s chi-squared test. A P value less
than 0.05 was considered statistical significant, and we performed

all analyses in SPSS version 24.

3 | RESULTS

There were 3636 patients that received a heart failure diagnosis at
Umea University Hospital between January 2010 and March 2016,
of which 2029 were alive at the end of March 2016. In total, 1607
patients died before March 2016, whereof 626 had an EF <40% and
out of these, 186 had been treated with MRA. Of the 2029 living pa-
tients, 812 had EF <40%, either at index or latest echocardiography.
Baseline characteristics are listed in Table 1. The median duration of
heart failure was 45 months.

In Figure 1, we show that 553 patients (68%) tried MRA at some
point, 393 (71%) with spironolactone and 53 (10%) with eplerenone.
Mean doses of spironolactone and eplerenone were 23 mg and
33 mg, respectively. Of those who were prescribed MRA, 184 (33%)
had to discontinue therapy before end of March 2016.

Out of the 812 patients with EF <40%, there were 259 patients
(32%) that were never treated with MRA. Of these, 29 patients (11%)
normalized their EF on ACE-inhibitors/ARB and beta blockers alone,
9 patients (3%) refused additional treatment, and 21 patients (8%)
were still under up titration of ACE inhibitor/ARB or beta blocker.
Of the remaining 200 patients, 118 patients had contraindications
listed in their medical records but there were an additional 82 pa-
tients without clear contraindications.

The contraindications to MRA treatment documented in the
records comprised of renal dysfunction, hypotension/orthostatic
hypotension, and hyperkalemia (Figure 2). The most common con-
traindication was renal dysfunction. Of the patients with hyperka-
lemia, only 6 patients did not have renal dysfunction as well. Of the
patients where renal dysfunction was listed as a contraindication,
mean e-GFR was 42 mL/min and 26 patients (28%) had an e-GFR
<30 mL/min, which is the formal contraindication.

Cardiovascular—wyp py-L27
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812 patients with
EF=40%

553 were put on
MRA

I
[ |

. 184 had to
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therapy

259 never tried MRA

21 under uptitration
9 refused treatment

118 with
contraindications

82 without clear
contraindications

29 normalized EF

FIGURE 1 Flow chart of patient distribution
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FIGURE 2 Contraindications to mineralocorticoid receptor
antagonists

The patients who never were subject to treatment with MRA
and without clear contraindications were compared to the patients
who were on MRA at the latest follow-up (Table 2). The MRA naive
patients were significantly older, had slightly higher systolic blood
pressure and lower Body Mass Index (BMI), less patients had a
Cardiac Resynchronization Therapy (CRT) and fewer patients had
been hospitalized owing to heart failure. In addition, these patients
had less treatment with ACE inhibitors/ARB and beta blockers and
fewer patients who reached guideline recommended target doses.
Examining the medical records of the patients without treatment but
without clear contraindications, 26 of the 82 patients (32%) did not

have any follow-up at the cardiology clinic.

4 | DISCUSSION

The majority of patients with clear indication for MRA either re-
ceived treatment or had a contraindication to treatment corre-

sponding to around 90% of all eligible patients. Overall, a third of
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TABLE 2 Patients with MRA and without clear contraindications compared to patients on MRA

Patients without MRA treatment and no clear

Characteristics contraindication (N = 82)

Female sex—n (%) 32(39)

Age—years, mean (SD) 77.2 (12.6)

Systolic blood pressure—mm Hg, mean 130(19)
(SD)

Ejection fraction—%, mean (SD) 35 (6)

Heart rate—beats/min, mean (SD) 75 (17)

Body mass index—kg/mz, mean (SD) 26(3.7)

Laboratory values

NT-proBNP—pg/mL, median (IQR) 986 (331-1650)

Creatinine clearance—mL/min, mean 69 (26)
(SD)
Hemoglobin—mg/L, mean (SD) 132 (17)
Sodium—mmol/L, mean (SD) 140 (2.3)
Potassium—mmol/L, mean (SD) 4.2 (0.4)
Previous hospitalization for heart 21 (26)
failure—n (%)
Medical history—n (%)
Atrial fibrillation 34 (42)
Diabetes 14 (17)
Hypertension 54 (66)
Coronary disease® 38 (46)
Medications and devices—n (%)
ACE inhibitor or ARB 73 (89)
Beta-blocker 68 (83)
Diuretics 36 (44)
Digitalis 8 (10)
Implantable 2(2)
cardioverter-defibrillator”
Cardiac resynchronization therapy® 4 (5)
Proportion of target dose—mean (SD)
ACE inhibitor or ARB 60 (31)
Beta-blocker 49 (30)

Patients on MRA treatment at follow

up (N = 369) P value
104 (28) 0.05
72.1(11.2) <0.001
124 (18) 0.01
32(7) <0.001
73 (15) 0.33
28 (5.4) <0.001
970 (334-2226) 0.89
74 (34) 0.11
136 (16) 0.049
139 (2.6) 0.01
4.4(0.4) <0.001
221 (60) <0.001
170 (46) 0.42
83(23) 0.28
242 (66) 0.96
177 (48) 0.79
351 (95) 0.04
354 (96) <0.001
240 (65) <0.001
50 (14) 0.35
73 (20) <0.001
59 (16) 0.01
77 (30) <0.001
67 (32) <0.001

ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; IQR, interquartile range; MRA, mineralocorticoid receptor antagonist; NT-

proBNP, N-terminal pro-B-type natriuretic peptide.
Statistical significance level P < 0.05.

2Coronary artery disease defined as either previous myocardial infarction or documented stenosis of at least 50%.
bIncluding patients with Cardiac Resynchronization Therapy Defibrillator (CRT-D).

the population had never tried MRA which is in line with the latest
national evaluation and heart failure registry studies.”*'7 A major-
ity of these patients had contraindications listed in their medical re-
cords, but it is striking that such a large proportion of patients had
an eGFR over 30 mL/min but where the treating physician still chose
to not initiate therapy. Patients with borderline eGFR require more
surveillance and controls owing to higher risk of hyperkalemia on
MRA which may imply that the frailest patients are denied treat-
ment because of inadequate means of follow-up. Hyperkalemia as

contraindication was not nearly as common as renal dysfunction. A
part of the explanation could be that it is the combination of minor
hyperkalemia and moderate kidney dysfunction that prevents the
treating physicians to prescribe MRA, which is unfortunate as data
indicate survival benefit even with minor hyperkalemia.*® This sug-
gests that a major part of the undertreatment of MRA could be
avoided if the attending physician had better knowledge about the
side effects of MRA in combination with better routines of follow-up

for patient with borderline eGFR. Today the intervals of check-ups
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can vary which may explain why treating physicians are reluctant to
risk side effects and possible harm. Potassium binders that control
potassium levels and that are tolerated by patients have not been
available but with the emergence of such treatments,'??° there may
be additional potential to increase MRA use.

In an article from the Swedish Heart Failure Registry with over
11 000 patients?! they also conclude that MRA use is decreased in pa-
tients with moderately impaired renal function and further strengthen
our findings. Our study adds data on how many patients are not cho-
sen for treatment at all and the finding that patients who are hos-
pitalized for other reasons than heart failure seem to be overlooked
shows why massive data from registries must be accompanied by data
from whole communities. With both our data and the data from the
Swedish Heart Failure Registry concluding that there seems to be an
undertreatment in patients with moderately reduced kidney function,
we need to work harder to remove barriers for MRA use. Several bar-
riers have been identified on patient-, clinician-, and system-based
levels®? and could be a good starting point to improve treatment.

Even removing the patients with clear or relative contraindication,
the underutilization was 10% (82 of 812) of the HFrEF population.
These patients were older, had slightly higher systolic blood pressure,
lower BMI, and were less likely to receive a CRT. The most striking
difference, however, was that these patients had to a much lesser
extent been hospitalized with a main diagnosis of heart failure. With
the high proportion of patients that had to discontinue MRA therapy,
it is possible that many of the patients that never received treatment
would not have tolerated treatment in the first place as they were
older than those who tolerated treatment. Because of this it is diffi-
cult to say how many more patients would have benefitted from MRA
treatment. On the other hand, it is evident that these patients many
times were overlooked as they were hospitalized for other reasons
than heart failure and almost a third of these patients did not receive
follow-up at a cardiology clinic. Perhaps these patients had less ac-
tive heart failure and, as a result, went unnoticed. To ensure better
treatment for every patient, we need better tools of identifying pa-
tients in need for treatment. Further, the patients who did not receive
treatment with MRA despite lack of clear contraindications had lower
doses of basic heart failure therapy which could be a partial explana-
tion to why these patients did not receive treatment with MRA. It is
unclear how many had attempted up titration and failed.

In addressing incorrect treatment, one should also take into
account overutilization. As MRA have side effects that should not
be taken lightly, patients with heart failure and midrange EF (40%-
50%) or heart failure with preserved EF should not routinely be
prescribed MRA. This is, however, difficult to determine as some
patients improve their EF after treatment and MRAs are also
prescribed as antihypertensive therapy. Overutilization has not
been investigated in this article. Additionally, local practices vary
on how to initiate treatment. To follow guidelines correctly, one
should perform an echocardiography and do a careful clinical eval-
uation after up titration of ACE inhibitors/ARB before commenc-
ing MRA treatment. However, at our center, patients sometimes
are put on MRA before a new echocardiography is performed. It
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is possible that this practice may have led us to overestimate the
number of patients eligible for MRA. Taking the time aspect into
consideration, it is also likely that a longer duration of heart failure
may increase the odds of exposure for MRA treatment. We have
tried to ameliorate this by accounting for the patients who were
still under up titration. Still, the earlier patients who are eligible for
treatment are initiated, the better.

If the patient experiences side effects, such as hypotension, hyper-
kalemia or decreased kidney function on ACE inhibitor/ARB, guide-
lines are lacking whether higher doses of ACE inhibitor/ARB should be
preferred over introducing MRA. MRA lower blood pressure but the
low doses used in heart failure studies do not substantially decrease
blood pressure. Hypotension was still listed as a common reason to
not use MRA. In MRA studies, not all patients received maximum
doses of ACE inhibitor/ARB but there was still a survival benefit in
the MRA arm.?® This may indicate that lower doses of two different
drug classes should be preferred over maximum dose of just one class.

In comparing these real-world data to clinical studies, we can
conclude that our heart failure population differs from the popula-
tion in the latest major landmark trial, the PARADIGM-HF study.?*
In a previous work, we have shown that only 25% of patients in our
HFrEF population would have fulfilled the strict inclusion criteria in
the PARADIGM-HF study.?® With the higher doses of ACE-inhibitors
and ARBs in the PARADIGM-HF study, perhaps the reasoning of
lower doses of several different drug classes applies to sacubitril-
valsartan as well as MRAs.

We also showed that the proportion of women with reduced EF
is less than a third than the overall population. The proportion of
women without contraindications who were not initiated on treat-
ment is higher than the proportion on women being on treatment.
Although these results fail to reach statistical significance, this mer-
its further investigation.

Another question of interest is what proportion of patients
could be expected to tolerate MRA treatment in an unselected
heart failure population—how high should we realistically aim for?
In our HFrEF population, 45% of the patients were prescribed and
remained on MRA treatment. Taking into account the 10% without
MRA treatment and no clear contraindications, together with some
of the patients listed in the contraindication group but only had mod-
erate renal impairment, we estimate that about 60% would tolerate
MRA treatment in long term. As previous studies have shown that
only 33%-40% of heart failure patients are prescribed MRA treat-
ment,“>Y7 this leaves room for improvement in the management of

the heart failure patient.

4.1 | Strengths and limitations

One limitation is the single-center study design and local tradi-
tions may differ between geographic areas. On the other hand,
the strength is that the study population is an almost complete
community-based heart failure population with no exclusions and
our data on HFrEF patients are in line with national assessments,
which indicates that the results are valid. As no interviews have been
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performed with treating physicians, we can only speculate on the
real reasons why moderate kidney dysfunction seems to prevent
MRA usage in some cases. We have not analyzed reasons for discon-

tinuing treatment with MRA, which needs to be elucidated further.

5 | CONCLUSIONS

Most patients in our population with heart failure and a clear indica-
tion for MRA receive treatment but more than every third patient
either had to discontinue therapy or have contraindications for MRA
therapy. The data indicate that the treating physicians are overly
cautious about adverse effects with MRA in patients with moder-
ately reduced kidney function and minor hyperkalemia. We propose
education on the risk-benefit ratio of moderate renal dysfunction
and minor hyperkalemia vs the risks of not receiving complete heart
failure treatment. We believe that we could reach a higher degree of
MRA usage with better and regular monitoring of patients or using
modern potassium binders that are tolerable by patients and give a
predictable response. Additionally, there is a need for knowledge
on whether to prioritize MRA over higher doses of ACE inhibitors/
ARB. There seems to be a 10%-18% avoidable undertreatment with
MRA, especially for elderly patients that are admitted to hospital for
other reasons than heart failure and patients with moderate renal
dysfunction. This suggests that patients with heart failure would
benefit from routine follow-up at a cardiology clinic.
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