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Aims Clinical heart failure (HF) guidelines recommend monitoring of creatinine and potassium throughout the initial
weeks of mineralocorticoid receptor antagonists (MRAs) therapy. We here assessed the extent to which this
occurs in our health care.

...................................................................................................................................................................................................
Methods
and results

Observational study in 2007–2010 HF patients starting MRA therapy in Stockholm, Sweden. Outcomes included potas-
sium and creatinine laboratory testing before MRA initiation and in the early (Days 1–10) and extended (Days 11–90)
post-initiation periods. Exclusion criteria considered death/hospitalization within 90 days, and lack of a second MRA dis-
pense. Of 4036 HF patients starting on MRA, 45% were initiated from a hospital, 24% from a primary care centre, and
30% from other private centres. Overall, 89% underwent pre-initiation testing, being more common among hospital
(97%) than for primary care (74%) initiations. Only 24% were adequately monitored in all three recommended intervals,
being again more frequent following hospital (33%) than private (21%) or primary care (17%) initiations. In multivariable
analyses, adequate monitoring was more likely for hospital [odds ratio (OR) 2.85, 95% confidence interval (95% CI)
2.34–3.56] initiations, and for patients with chronic kidney disease (OR 1.79, 95% CI 1.30–2.43) and concomitant use of
angiotensin-converting enzyme (OR 1.27, 95% CI 1.05–1.52), angiotensin receptor blockers (OR 1.19, 95% CI 1.01–1.40)
or beta-blockers (OR 1.65, 95% CI 1.22–2.26). Age, sex, and prescribing centre explained a small portion of adequate
monitoring (c-statistic 0.63). Addition of comorbidities and medications improved prediction marginally (c-statistic 0.65).

...................................................................................................................................................................................................
Conclusion Although serum potassium and creatinine monitoring before MRA initiation for HF is frequent, rates of post-

initiation monitoring remain suboptimal, especially among primary care centres.
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Introduction

Mineralocorticoid receptor antagonists (MRAs; spironolactone
and eplerenone), antagonize the effects of the aldosterone hor-
mone and prevent sympathetic activation, parasympathetic

inhibition, and myocardial remodelling. The use of MRA is recom-
mended for persons with heart failure (HF),1,2 owing to their cap-
acity to reduce the risk of cardiovascular complications and
mortality as shown in large placebo-controlled randomized trials
(RCTs).3,4
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During the initial weeks of MRA therapy, serial monitoring of po-

tassium and creatinine is recommended to identify therapy complica-
tions, adverse event risk and need for dose titration.2,5 Recent
studies from real-world US health care systems have shown a low ad-
herence to MRA monitoring guidelines.6–11 Equivalent studies in
European settings are to date, lacking. In this study, we analyse the
consistency between current guideline recommendations and the
quality of creatinine and potassium monitoring upon initiation of
MRAs in a region-representative cohort of HF patients from Sweden.

Methods

Data sources
This study utilizes the Stockholm CREAtinine Measurements (SCREAM)
health care-utilization cohort,12 which includes all residents in the region
of Stockholm, Sweden, undertaking at least one measurement of serum
creatinine in ambulatory or hospital care during 2006–2010. Laboratory
data were linked with regional and national administrative databases for
complete information on health care utilization (including diagnoses and
procedures undertaken), dispensed drugs and follow-up for death, with
minimal loss to follow-up. The study was approved by Regional
Institutional Review Boards and the Swedish National Board of Welfare
and adheres to the Declaration of Helsinki. Since this was retrospective
database and registry analysis, no individual patient consent was required.

Patient selection and study exposure
We included all adult (>18 years old) HF patients initiating MRA (spirono-
lactone or eplerenone) therapy between 1 January 2007 and 31
December 2010. The study exposure was the initiation of MRA treat-
ment which was considered the index date. New use of MRA was defined
as a first-time MRA dispensation (with no previous dispensation of an
MRA recorded) between 1 January 2007 and 31 December 2010.
Information on MRA dispensations was obtained from the Dispensed
Drug Registry, a nationwide register that records complete information
on all prescribed drugs actually dispensed at Swedish pharmacies. The
coverage of this register is considered complete, as all outpatient drug
dispensations in Sweden are done via each citizen’s unique personal iden-
tification number. A total of 18 197 Stockholm residents initiated MRA
therapy during 2007–2010. Of those, 7982 initiated therapy with comor-
bid HF (definition in Supplementary material online, Table S1). For the
purpose of evaluating monitoring patterns, we excluded new users who
died or were hospitalized within 4 months of drug initiation (n = 1296), as
these events would have modified laboratory monitoring practice. We
also excluded 2650 individuals who did not get a second MRA dispensa-
tion, as we wanted to ensure that MRA was prescribed for more than
3 months. After applying exclusion criteria, the cohort study considered
in this analysis included 4036 persons (patient selection flow chart
described in Supplementary material online, Figure S1).

Study covariates
Study covariates were assessed at index date and included age, sex, la-
boratory values, comorbidities, concomitant medications, and prescriber
characteristics. Laboratory values considered in this analysis were meas-
urements of potassium and creatinine in outpatient care, although
patients lacking follow-up outpatient measurements were kept in the co-
hort. Potassium was measured in either plasma or serum by potentiomet-
ric titration. Serum creatinine was measured with either enzymatic or
corrected Jaffe method (alkaline picrate reaction), both methods being
traceable to isotope dilution mass spectroscopy standards. Potassium

values >10 mmol/L and creatinine values <25 and >1500lmol/L were
considered implausible and were discarded. We excluded inpatient cre-
atinine measurements, as they may not reflect baseline kidney function
but rather acute kidney failure. When more than two measurements of
an analyte were available in the same day, the median value was used if
the concentrations differed by less than 30%. In case of >30% difference
between measurements, the lowest value was used, in an attempt to dis-
card incorrect measurements that may have required repeated testing.
Inter- as well as intra-laboratory variation was considered minimal, with
the three laboratories being frequently audited for quality and harmoniza-
tion by the national organization EQUALIS (www.equalis.se).

Comorbid conditions included diabetes mellitus, history of myocardial
infarction, peripheral vascular disease, cerebrovascular disease, and diag-
nosed chronic kidney disease (CKD), assessed using International
Classification of Disease-Tenth Edition (ICD-10) diagnostic codes (defini-
tions in Supplementary material online, Table S1). Estimated glomerular
filtration rate (eGFR) was calculated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) 2009 creatinine equation.13

We defined CKD as eGFR <_ 60 mL/min/1.73 m2, using the closest meas-
urement recorded at index date. Medications included diuretics (both
loop- and thiazides), angiotensin-converting enzyme inhibitors (ACEi),
angiotensin receptor blockers (ARBs), beta-blockers, and other antihy-
pertensive medications (definitions in Supplementary material online,
Table S2). Medications were assumed to be concomitant if there was a
pharmacy dispensation within 6 months before- and up to 15 days after
MRA initiation. Finally, we retrieved information about the medical facility
from which the first MRA prescription was issued. Information on pre-
scribing centre is available in the Swedish national Drug register at each
dispensation. Using thereafter an established classification system from
our health care provider, prescribing centres were categorized as primary
health care centres, hospital centres, and others. The latter included pri-
vate subsidized health care services not fitting the other categories, such
as geriatric clinics, psychiatric clinics, or nursing homes.

Study outcome
The study outcome was the adequacy of potassium and creatinine moni-
toring during the first 3 months of MRA therapy.2,5 For comparison with
preceding literature,9,11 we considered three distinct laboratory monitor-
ing periods: (i) pre-initiation testing: measurement of potassium and cre-
atinine at least once within 120 days prior to MRA therapy initiation; (ii)
early post-initiation testing: measurement of potassium and creatinine at
least once within the first 10 days after MRA initiation; (iii) extended post-
initiation testing: measurement of potassium and creatinine at least once
within 11 and 90 days after MRA initiation. We explored two different pat-
terns of adequate monitoring: first, we defined a combined indicator of ap-
propriate monitoring across all three monitoring periods. Secondly, we
created a combined indicator of appropriate post-initiation monitoring
among those who underwent pre-initiation testing. We note that our def-
inition of adequate monitoring is comparable to previous studies but
requires less frequent post-initiation monitoring than what is recom-
mended in the guidelines. The ESC guidelines recommend checking labs at
1 and 4 weeks, and again at 8 weeks and 12 weeks after MRA initiation.5

The american college of cardiology foundation/american heart association
(ACCF/AHA) guidelines recommend checking labs within 2–3 days after
drug initiation, again at 7 days, and at least monthly for the first 3 months.2

Statistical analysis
Multivariable logistic regression models were fitted to identify significant
predictors for each indicator. The Kaplan–Meier curves were used for
describing time to the first serum potassium and creatinine measurement
after MRA dispensing during the 120 days observation period. The
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c-statistic and pseudo-R squared index improvement were reported to
show which covariables improved goodness of fit the most.

Results

General descriptive results for the 4036 persons with HF initiating
MRA therapy are shown in Table 1, together with characteristics of

subgroups with differing pattern of laboratory monitoring.
Spironolactone was the MRA initiated in 99% of cases and eplere-
none in the remaining 1%. Median age was 77 years [interquartile
range (IQR) 67–85] and 45% were women. Median eGFR was 67
(51–82) mL/min/1.73 m2 and median plasma potassium at initiation
was 4.0 mmol/L. In all, 45% of patients received their MRA prescrip-
tion from a hospital centre, 24% from a primary health care centre,

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

Table 1 Baseline characteristics of heart failure patients initiating mineralocorticoid receptor antagonist therapy,
overall and by the pattern of laboratory monitoring

Parameter All patients Lacking

pre-initiation

monitoring

Undergoing

pre-initiation

monitoring

Appropriate

monitoring

(all three pre-/

post-occasions)a

N 4036 (100%) 448 (11%) 3588 (89%) 934 (23%)

Age (years) 78 (67–85) 78 (69–85) 78 (67–85) 75 (65–83)

Age (categories)

<45 years 70 (2%) 5 (1.1%) 65 (1.8%) 23 (2%)

45–64 years 727 (18%) 73 (16%) 654 (18%) 212 (23%)

65–75 years 903 (22%) 97 (22%) 806 (23%) 232 (25%)

>75 years 2336 (58%) 273 (61%) 2063 (58%) 467 (50%)

Women 1824 (45%) 225 (50%) 1599 (45%) 361 (39%)

eGFR (mL/min/1.73 m2)

Median (IQR) 67 (51–82) 69 (55–82) 67 (51–82) 66 (51–81)

Missing 383 (9%) 383 (85%) 0 (0%) 0 (0%)

eGFR (categories)

>60 mL/min/1.73 m2 2245 (56%) — 133 (3.7%) 570 (61%)

45–60 mL/min/1.73 m2 803 (20%) — 464 (13%) 186 (20%)

30–45 mL/min/1.73 m2 471 (12%) — 790 (22%) 125 (13%)

<30 mL/min/1.73 m2 134 (3%) — 2201 (61%) 53 (6%)

Potassium (mmol/L)

Median (IQR) 4.1 (3.6–4.2) 3.8 (3.4–3.9) 4.1 (3.7–4.2) 4.0 (3.9–4.1)

Missing 427 (11%) 427 (95%) 0 (0%) 0 (0%)

Potassium (categories)

<4 mmol/L 1800 (45%) — 1783 (50%) 523 (56%)

4–5 mmol/L 1789 (44%) — 1785 (50%) 406 (43%)

>5 mmol/L 20 (0%) — 20 (0.6%) 5 (1%)

Site of first prescription

Hospital centres 1816 (45%) 55 (12%) 1761 (49%) 580 (62%)

Primary health care centres 976 (24%) 251 (56%) 725 (20%) 126 (13%)

Other centres 1194 (30%) 109 (24%) 1085 (30%) 226 (24%)

Missing 50 (1%) 33 (7%) 17 (0.5%) 2 (<0%)

Diabetes mellitus 1278 (32%) 130 (29%) 1148 (32%) 298 (32%)

Myocardial infarction 1197 (30%) 111 (25%) 1086 (30%) 285 (31%)

Peripheral vascular disease 551 (14%) 58 (13%) 493 (14%) 132 (14%)

Cerebrovascular disease 733 (18%) 75 (17%) 658 (18%) 157 (17%)

Chronic kidney disease (diagnosis) 215 (5%) 14 (3%) 201 (5.6%) 71 (8%)

ACEi 2820 (70%) 282 (63%) 2538 (71%) 706 (76%)

ARB 1543 (38%) 178 (40%) 1365 (38%) 384 (41%)

Beta-blocker 3609 (89%) 378 (84%) 3231 (90%) 878 (94%)

Diuretics 3882 (96%) 417 (93%) 3465 (97%) 907 (97%)

Other antihypertensive drugs 1553 (38%) 165 (37%) 1388 (39%) 366 (39%)

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; MRA, mineralocorticoid receptor antagonist.
aThis group is a subset of those undergoing pre-initiation laboratory monitoring.
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and 30% from other private practices in the region. A large propor-
tion of patients were also using ACEi and/or ARBs. A small propor-
tion of patients had baseline eGFR or potassium at levels at which
MRA are not recommended2,5: 3% of participants had an eGFR
below 30 mL/min, and 20 persons had potassium >5 mmol/L.

As many as 446 (11%) of patients initiating MRA did not undergo
laboratory monitoring at time of or within the 120 days prior to MRA
initiation (Figure 1). These patients were more often women and initi-
ated on MRAs at a primary health care centre. Among these, potas-
sium measurements were not performed in 95% of cases and
creatinine not performed in 85% (Table 1).

The remaining 89% of patients underwent laboratory testing prior
to MRA initiation (Figure 1), especially those whose first MRA pre-
scription was issued at a hospital centre (97%) and less so among
those first prescribed in primary health care centres (74%). Among
patients undergoing pre-initiation laboratory testing, 23% had no
detected follow-up monitoring at all. The time to first post-initiation
measurement of potassium and creatinine is displayed in
Supplementary material online, Figure S2. The median time to testing
for creatinine was 26 days (IQR 12–82, mean 69 days) and 26 days
(IQR 12–81) for potassium. Overall and throughout the different
sites of prescription, ‘early’ monitoring after MRA initiation (within
10 days) was less common (33% overall, 42% in hospitals, and 25% in
primary care) than monitoring in the ‘extended’ time period (within
10–90 days occurring in 50% overall, 50% in hospitals, and 50% in pri-
mary care). Once again, primary health care centres had a more

suboptimal post-MRA initiation monitoring than hospital centres
(Figure 1). In all, 69% of patients had one pre- and at least one post-
initiation testing (either early or late follow-up testing or both).
However, appropriate laboratory monitoring according to our defin-
ition (i.e. on all three occasions) was done only in 23% of patients.
Appropriate monitoring was more common among persons whose
first MRA was prescribed at a hospital centre (32%) compared to pri-
mary health care centres (13%) or other sites (19%, not shown in
figure).

In order to identify factors associated with MRA-laboratory moni-
toring, we constructed two different multivariable logistic regression
models. In the first model, we studied the likelihood to be appropri-
ately monitored according to guideline recommendations (i.e. on all
three occasions, Supplementary material online, Table S3). Briefly,
patients whose first MRAs was prescribed at a hospital or private
centre [odds ratio (OR) 2.85, 95% confidence interval (95% CI) 2.34–
3.56, and OR 1.55, 95% CI 1.22–1.97, respectively, vs. primary health
care centres], patients with clinically diagnosed CKD (OR 1.79, 95%
CI 1.30–2.43), and using ACE (OR 1.27, 95% CI 1.05–1.52), ARB (OR
1.19, 95% CI 1.01–1.40), or beta-blockers (OR 1.65, 95% CI 1.22–
2.26) were associated with higher odds of testing.

In the second model, we attempted to gain more precision by
studying the likelihood to undertake post-MRA initiation laboratory
monitoring (Figure 2 and Supplementary material online, Table S4). In
this model, baseline potassium <4 mmol/L (OR 1.39, 95% CI 1.19–
1.629), lower kidney function (OR 1.41, 95% CI 1.10–1.81 for
eGFR < 45–30 mL/min/1.73 m2, and OR 2.43, 95% CI 1.64–3.56 for
<30 mL/min/1.73 m2), MRAs initiated at hospital centres (OR 2.02,
95% CI 1.62–2.55), and concomitant use of ACEi (OR 1.26, 95% CI
1.05–1.52), ARB (OR 1.21, 95% CI 1.02–1.42), or beta-blockers (OR
1.60, 95% CI 1.18–2.21) associated with higher odds of post-initiation
testing. Conversely, women (OR 0.82, 95% CI 0.69–0.96) were less
likely to undergo post-initiation monitoring.

The model fit for these two regressions is displayed in
Supplementary material online, Table S5. In both, the site of prescrip-
tion was the covariate that improved model performance the most
(from c-statistic 0.57 in and age- and sex-adjusted model to 0.61–
0.63). Age, sex, and site of prescription explained; however, a moder-
ate proportion of adequate monitoring (c-statistic 0.61–0.63).
Addition of laboratory date, comorbidities, or concomitant medica-
tions improved prediction very marginally (c-statistic 0.64–0.65).

Discussion

Mineralocorticoid receptor antagonist is a mainstay treatment in
patients with HF1,2 and frequent laboratory monitoring is advocated,
especially during the initial weeks of therapy, to early detect and po-
tentially avoid potential adverse events.2,5 In this study, we observe
that monitoring of potassium and creatinine during MRA initiation in
Swedish HF patients does not often meet current guideline recom-
mendations. Although a large majority of participants underwent la-
boratory monitoring prior to MRA initiation, we observe insufficient
post-initiation laboratory follow-up. Collectively, only about a third
of patients initiated on MRAs in our region underwent the recom-
mended laboratory monitoring frequency. In any case, it should be
noted that the median time to first potassium measurement in clinical

Figure 1 Patterns of laboratory testing in heart failure patients
starting mineralocorticoid receptor antagonist therapy, overall and
by the initial site of mineralocorticoid receptor antagonist prescrip-
tion. Shown is the proportion of patients undergoing laboratory
testing before (pre-) and after (post-)mineralocorticoid receptor
antagonist initiation. Post-initiation testing is characterized as early
(within 10 days) or extended (within 10–90 days). Appropriate
monitoring denotes testing in all three studied intervals (pre, early,
and extended).
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..practice was 26 days, clearly exceeding the ESC guidelines recom-
mendation of laboratory testing within the first week.5

Despite different patient selection and varying monitoring defini-
tions used in previous studies, our results are consistent with US
data. Allen et al.8 reported that among 490 hospitalized HF patients
with reduced ejection fraction that started MRA therapy, 94.3%
underwent laboratory monitoring before therapy initiation, but 46%
were not followed within the first 7 days. Chauhan et al.10 studied
serum potassium monitoring among 142 880 male patients with HF
starting MRA treatment at the Veterans Affair health care system and
found that only 41.6% had serum potassium monitoring within
14 days of MRA dispensing. Cooper et al.9,11 studied a sample of over
10 000 HF patients, observing that 25.2% of patients prescribed MRA
during an inpatient visit had an appropriate frequency of laboratory
testing (pre- and post-monitoring). Our study in Swedish patients
shows higher rates of adequate monitoring as compared to US data.
Nonetheless, rates are still largely suboptimal. Our analysis has the
advantage of including the complete unselected HF population from
a region with universal health care access, complete coverage of all
MRA dispensations as well as of serum creatinine and potassium

measurements in Stockholm health care. This may reduce the access
to health care bias by reimbursement policies and monitoring ascer-
tainment bias because of non-unified health care systems in the USA.

Cooper et al.9,11 reported a much lower proportion of appropri-
ate monitoring in outpatient care (2.8%), which again agrees with our
findings, although the authors used a somewhat different definition of
monitoring than the present study. The apparent higher vigilance in
hospital vs. primary care may be anticipated because of case-mix (i.e.
more severe HF or comorbidities). However, hospital centres were
associated with a higher probability of appropriate monitoring even
when adjusted for comorbid conditions and concomitant medica-
tions. We acknowledge that our study assessed the actual perform-
ance of laboratory testing, not the intent of prescribing clinicians to
obtain such testing in follow-up. Therefore, less adherent or less
motivated patients may fail to attend follow-up check-ups in primary
care. To contemplate this possibility, we base our exposure on MRA
dispensations instead of MRA prescription claims, and we imposed
the condition of purchasing a second MRA to ensure that this was a
long-term therapy with sufficient pill supply throughout the monitor-
ing period. In any case, the high rate of pre-initiation testing but

Figure 2 Multivariable odd ratios and 95% confidence intervals of baseline factors associated with appropriate post-mineralocorticoid receptor an-
tagonist initiation laboratory testing. Multivariable logistic regression was used for estimation and all the variables presented in the figure were
included as covariables. eGFR, estimated glomerular filtration rate, in mL/min/1.73 m2; potassium, in mmol/L.
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subsequently low post-initiation testing suggests, collectively, that
gaps in recommended testing may be related to system execution
and patient adherence with such testing.

Identifying patient groups that are not adequately monitored is im-
portant to implement improvement strategies. Among the variety of
patient characteristics (including comorbidities and laboratory val-
ues) and medications considered in our analysis, we found that CKD
(either as defined by ICD-10 diagnosis or by measured eGFR), abnor-
mal plasma potassium at therapy initiation, and concomitant use of
potassium-altering medications (such as ACEi, ARB, beta-blockers)
are associated with a higher likelihood or appropriate monitoring. All
these are conditions known to increase hyperkalaemia risk.
Interestingly, women had lower odds of appropriate testing, perhaps
supporting the notion that men are perceived to be at higher adverse
event risk. Because use of thiazide diuretics and baseline potassium
<4 mmol/L were also associated with a higher odds of more stringent
monitoring, we speculate that hypokalaemia concerns also influences
monitoring practice. Although a substantial proportion of new MRA
users (35%) in our study had reduced eGFR (<60 mL/min/1.73 m2),
only 5% had a previous diagnosis of CKD, possibly indicating that pre-
initiation creatinine tests were adequately interpreted by clinicians
and translated into a higher post-MRA initiation rate in these patients
particularly vulnerable to the adverse effects of MRA. Again, our find-
ings agree with and expand US observations,8–11 with some differen-
ces likely attributed to inclusion/exclusion criteria and practice
patterns. Nonetheless, the results collectively suggest that adequate
laboratory monitoring during the initial weeks of MRA therapy is
mainly performed in individuals with known or perceived higher risk
of complications14,15 and complements other studies reporting
underutilization of MRAs, cardiac resynchronization therapy and
implantable cardioverter-defibrillators in HF patients.16,17

Although the importance of laboratory monitoring during MRA
therapy is clear from RCTs,3,4 it is currently unknown whether
patients who receive appropriate laboratory monitoring achieve
greater benefits than those who do not. Such hypothesis cannot be
adequately tested in observational designs such as this study, given
that reverse causation can pose major biases. Observational reports
have suggested that the marked increase in prescriptions of MRAs
after the publication of the Randomized Aldactone Evaluation Study
(RALES) was accompanied by parallel increases in detected hyper-
kalaemias18 and that such adverse event rate declined when the rise
in MRA use was followed by a rise in laboratory monitoring.19

Although association does not prove causation, a higher adherence
to guideline recommended laboratory monitoring can lead to better
MRA dose titration as well as early identification (and avoidance) of
undesired adverse events. Efforts on education/promotion about
indications, use and monitoring strategies of these drugs,20,21 collab-
oration with clinical pharmacists, automated alert systems, and com-
puterized monitoring of testing,22–25 are all initiatives that have been
shown to improve rates of laboratory monitoring. Yet, interventions
that improve laboratory monitoring may not necessarily translate
into cost-effective measures to improve clinical outcomes.26,27

This study has limitations, and its observational nature should be
brought upfront. We may risk selection bias because we excluded
patients who died, were hospitalized within 4 months or did not pur-
chase a second MRA dispensation. However, the appropriateness of
laboratory monitoring could not be assessed in these patients. We

acknowledge that our results are specific of Stockholm health care.
Yet, the similarity between previous US evidence and ours makes us
speculate that the situation is not different in similar clinical settings.

We conclude that regardless of the setting of MRA initiation, rates
of appropriate laboratory monitoring before MRA initiation were
high in an unselected population of Swedish adults with HF.
Monitoring rates after MRA initiation were, however, poor though
patients who initiated therapy in the hospital were more likely to re-
ceive appropriate laboratory monitoring. Patients with CKD and with
concomitant use of other Renin-angiotensin-aldosterone inhibitors
(RAASi) drugs were more likely to receive appropriate laboratory
monitoring. We thus report a gap between guideline recommenda-
tions and real-world management of MRA therapy, which highlights a
need for education and systems of care that enhance appropriate
safety monitoring of MRA use.

Supplementary material

Supplementary material is available at European Heart Journal – Quality
of Care and Clinical Outcomes online.
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