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Summary

BACKGROUND: The European Society of Cardiology rec-
ommends beta-blocker prescription after ST-segment el-
evation myocardial infarction (STEMI). Evidence for beta-
blocker indication depends on the presence of left
ventricular dysfunction (left ventricular ejection fraction
[LVEF] <40%, class | level A; LVEF 240%, class lla level
B). In clinical practice, beta-blockers should be up-titrated
to target doses as long as patients tolerate them. The aim
of this study was to assess the patterns of beta-blocker
prescription and up-titration after STEMI for one year after
hospital discharge.

METHODS: This observational study included patients ad-
mitted to a tertiary hospital for STEMI between April 2014
and April 2016. Patients with beta-blocker contraindica-
tions were excluded from the study. The primary outcomes
were the patterns of beta-blocker prescription at discharge
and at one year post-PCl, and the evolution of beta-block-
er doses over the year. Beta-blocker doses were classified
as low (<50% of the target dose) or high (250% target).
As secondary outcomes, we assessed whether the beta-
blocker prescriptions were different according to the type
of hospital (university vs district) the patients were dis-
charged from, and whether a short length of stay during
the index event was related to a poor beta-blocker pre-
scription at one year post-PCI.

RESULTS: Overall, 266 patients were followed for one
year. Of the 217 patients with LVEF 240%, 197 (90.8%)
received beta-blocker prescriptions at hospital discharge.
At the time of discharge, doses were high for 13 (6.0%)
and low for 184 (84.8%) patients. In the latter group, nine
(4.9%) doses were up-titrated to high during the year after
STEMI. Of the 49 patients with LVEFs <40%, 46 (93.9%)
received beta-blocker prescriptions at discharge. Doses
were high for 3 (6.1%) and low for 43 (87.8%) patients.
In the latter group, two (4.7%) doses were up-titrated to
high during the year after STEMI. Patients transferred to
district hospitals were more likely to have no beta-block-
er prescription at discharge in both LVEF groups. Finally,

patients without any beta-blocker prescription at one year
were more likely to have had a short university hospital
stay during the index event.

CONCLUSION: Beta-blocker prescription after STEMI re-
mains prevalent, but most doses are low and up-titration
within one year is rare. This raises concern, particularly
for patients with LVEFs <40%. Our findings highlight the
changes in clinical practice over the last few decades,
which corroborate with the latest evidence-based findings.

Keywords: acute coronary syndrome, ST-segment ele-
vation myocardial infarction, guideline adherence, beta-
blockers

Introduction

For decades, beta-blockers have been known to improve
survival after ST-segment elevation myocardial infarction
(STEMI) [1-4]. The current guidelines of the European
Society of Cardiology (ESC) and the American College of
Cardiology Foundation/American Heart Association advo-
cate beta-blocker use for secondary prevention in all pa-
tients who have had STEMIs, unless contraindicated [5,
6]. However, all studies of the efficacy of beta-blockers
to date were conducted in the 1980s, before the introduc-
tion of reperfusion with percutaneous coronary interven-
tion (PCI). With the use of this reperfusion strategy, beta-
blocker use has been called into question. Recent studies
have yielded stronger evidence for the beneficial effects of
beta-blockers in high-risk patients, such as those with re-
duced left ventricular ejection fractions (LVEFs), anterior
wall infarction or heart failure, than for low-risk patients
[7-11]. Consequently, the current ESC guidelines provide
distinct classes of recommendations according to LVEF
function: class Ila level B for patients with LVEFs >40%
and class I level A for patients with LVEFs <40% [5].

European STEMI guidelines provide no beta-blocker
dosage recommendations [5]. American STEMI guidelines
advocate up-titration of the dose to a target of 200 mg
metoprolol once daily or 25 mg carvedilol twice daily [6].
High beta-blocker doses (i.e., 200 mg metoprolol [2, 12],
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50 mg carvedilol [7] or 180-240 mg propranolol [1]) have
been used in all studies demonstrating the efficacy of these
drugs to date. However, the patients included in these stud-
ies were younger and less polymorbid than those in the re-
al-life population, and the studies were conducted in the
pre-PCI era. Observational studies have been conducted to
assess whether low beta-blocker doses are equivalent to
high doses in terms of morbidity and mortality reduction
after acute coronary syndrome (ACS) in the modern era
[13—15]. None of these studies has shown that high be-
ta-blocker doses are superior to lower doses, but they did
not group patients according to LVEF, an important factor
for long-term risk stratification. Thus, the use of high be-
ta-blocker doses after myocardial infarction should still be
assumed to be required to achieve effectiveness, particular-
ly in patients with reduced LVEFs. When LVEF dysfunc-
tion is diagnosed, common practice is usually based on the
guidelines for heart failure. These guidelines advocate the
use of bisoprolol, metoprolol, carvedilol or nebivolol with
evidence-based dosing and specific target doses [16].

In clinical practice, beta-blockers are introduced mainly
at reference centers and at low doses due to tolerance is-
sues such as hypotension, bradycardia and fatigue. Gradual
up-titration requires time, but many patients admitted for
STEMI are discharged home within a few days or trans-
ferred to district hospitals very shortly after the procedure.
We believe that this situation leads to poor post-PCI up-
titration, with many patients continuing to receive their ini-
tially prescribed doses.

Accordingly, we evaluated long-term beta-blocker pre-
scription patterns in a cohort of patients with STEMI ad-
mitted to a university hospital in Switzerland. We deter-
mined the proportions of target-dose beta-blocker
prescriptions at the time of discharge and one year post-
PCI. We also assessed the proportion of up-titration among
patients initially discharged with below-target doses and
explored whether short hospital stays or being transferred
to a district hospital increased the risk of not receiving be-
ta-blockers at one year post-PCI.

Methods

Study design

This observational study was conducted with data from a
local database containing all the data on ACS patients ad-
mitted to the University Hospital of Lausanne and who
agreed to share their data. Only patients admitted to the
University Hospital of Lausanne with suspicion of STEMI
were considered for inclusion in this study. The local ethics
committee of the canton of Vaud approved the local data-
base in 2005 as part of the AMIS Plus project (n° 44/05).

Study population

We consecutively included all patients aged >18 years ad-
mitted to our hospital for STEMI between 15 April 2014
and 15 April 2016 who had confirmed STEMI diagnoses
and the capacity for discernment and communication in
French, and who provided written informed consent. The
diagnosis of STEMI required clinical signs of character-
istic retrosternal pain for <12 h and electrocardiographic
evidence of ST-segment elevation in more than two con-
tiguous derivations, a new bundle branch block, or ST-seg-
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ment depression >0.5 mm in the V1-V3 leads. Patients an-
ticipated to be unreachable after one year (e.g., because of
homelessness or residing outside of Switzerland) and those
with beta-blocker contraindications were excluded from
the analysis. Recognised contraindications were hypoten-
sion (systolic blood pressure <100 mm Hg) and bradycar-
dia (heart rate <60 bpm) on the day of discharge, acute
heart failure, atrioventricular block, and beta-blocker intol-
erance or refusal (as noted in discharge letters and medical
records). Patients for whom data (e.g., on LVEF or vital
signs) were incomplete were also excluded.

Data collection

All data were collected prospectively and entered into the
local database. Baseline data were collected from the hos-
pital’s electronic patient records and included characteris-
tics of interest like age, sex, cardiovascular risk factors,
co-morbidities, medical history, vital signs during hospital-
isation, type of coronary artery disease, therapeutic strat-
egy employed for the management of STEMI, and LVEF
after the acute care. In cases of transfer, data on prescrip-
tions at discharge were collected through agreements with
the district hospitals. At the end of the inclusion period, we
forwarded the list of transferred patients and their transfer
dates to a responsible person in each of the district hos-
pitals. The prescription list for each patient was then sent
to us by post. One year after PCI, a pharmacist with train-
ing in study data collection contacted the participants by
telephone and used a structured questionnaire to obtain in-
formation about their medical care, including all drug pre-
scriptions, doses, and reasons for withdrawal or change; re-
hospitalisation and reinfarction; and cardiac rehabilitation
programme participation. To enhance the accuracy of the
information collected during these telephone interviews,
participants were asked to read aloud the drug names and
doses written on their medication packages. When a patient
was unable to provide complete or clear information, the
prescriber or pharmacy was contacted to obtain accurate
and complete data.

Primary outcomes

The primary outcomes of interest were the prescribed beta-
blocker dose category (at discharge and at one year) and
the evolution of beta-blocker doses (beta-blocker introduc-
tion, withdrawal, up-titration, reduction, no change) during
the year. We categorised beta-blocker dose as none, low
(<50% target) or high >50% target). The target beta-block-
er doses were those defined in the official drug information
or in clinical trials: metoprolol 200 mg, carvedilol 50 mg,
bisoprolol 10 mg, atenolol 100 mg and propranolol 180 mg
(see table S1 in appendix 1).

Secondary outcomes

Secondary outcomes were the proportions of patients in
each of the beta-blocker dose categories (none, low and
high) at discharge, assessed according to hospital type
(university or district). We also descriptively analysed the
effects of the length of university hospital stay, transfer to a
district hospital and cardiac rehabilitation programme par-
ticipation on beta-blocker prescription at one year.
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Statistical analysis

Binary and categorical variables were expressed as fre-
quencies with percentages and compared with chi-square
tests. Continuous variables were expressed as median val-
ues with interquartile ranges (IQRs) and compared with
Student’s t-tests. We used the chi-square test to assess dif-
ferences in the proportions of patients with beta-blocker in-
troduction and up-titration within the one-year study pe-
riod, differences in beta-blocker prescription according to
discharge hospital type, and the frequency of beta-blocker
prescription at one year according to length of stay in
the university hospital during the STEMI event (<2 and
>2 days). All analyses were stratified according to LVEF
(>40% and <40%). All tests were two tailed, with a signif-
icance level of p <0.05. The statistical analyses were per-
formed using STATA software (version 14; Stata Corpora-
tion, College Station, TX, USA).

Results

Study population and baseline characteristics

During the study period, 597 patients were admitted to
Lausanne University Hospital for suspected STEMI, and
their data were entered into the local database. After apply-
ing the exclusion criteria, data from 358 patients were in-
cluded at baseline, and 303 of these were followed for one
year. After further exclusion of patients due to missing da-
ta (n = 9) or beta-blocker contraindication (hypotension, n
= 14; bradycardia, n = 9; bradycardia and hypotension, n =
3; atrioventricular block, n = 1; acute heart failure, n = 1),
data from 266 patients were included in the analysis (fig.
D).

The majority (77.1%) of patients were men, and the me-
dian age was 63.7 years (IQR 55.0-73.0). Cardiovascular
risk factors were prevalent in the study population. Most
patients were treated with PCI; 1.3% underwent coronary
artery bypass grafting. About 15% of the cohort had

Figure 1: Flow chart of patient inclusion (15 April 2014 to 15 April

2016). STEMI = ST-segment elevation myocardial infarction; LVEF
= left ventricular ejection fraction; Cl = contraindication; BB = beta

blocker

Emergency admission
for STEMI N=597

Exclusion:
i—» - No STEMI, N=120
- No consent, N=116
Patients included at

baseline
N=361

Death before discharge
N=3

Patients included for
follow-up

N=358
Loss of follow-up
l——» -Death, n=12
- Not reachable, N=43

Patients followed-up

N=303 - Lack of vital parameters
data, N=1
l——» - Lack of LVEF data, N=8
- Cl to BB at discharge,
. . . N=28
Patients included in the
BB analysis
N=266
I
v v v
Patients discharged Patients discharged Patients discharged
without BB with a low dose BB with a high dose BB
N=23 N=227 N=16
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LVEFs <40%. Patients without beta-blocker prescriptions
at discharge were older than those with such prescriptions.
All other characteristics were similar between the groups
(table 1).

Beta-blocker prescription and dosing from discharge
to one year

At the time of discharge, 91% of the patients were pre-
scribed beta-blocker, 83% of whom had low doses. At one
year, the proportions with no, high or low beta-blocker
doses had changed only slightly in all groups. No differ-
ences in beta-blocker introduction or up-titration to >50%
of the target dose were observed between the LVEF
groups. Overall, the rate of beta-blocker withdrawal was
about 12%. Reasons for withdrawal were not provided in
the study data. Among the patients discharged with high
beta-blocker doses (n = 16), seven (43.8%) had their dos-
es reduced and one (6.3%) had the beta-blocker withdrawn
during the year (table 2).

Of the 243 patients discharged with beta-blocker prescrip-
tions, 194 (86.6%) received metoprolol at a median daily
dose of 25 mg (IQR, 12.5-37.5 mg). The remaining pa-
tients received bisoprolol (n = 14/243, 5.8%; median daily
dose 2.5 mg, IQR 2.5-5 mg), carvedilol (n = 10/243, 4.1%;
median daily dose 9.375 mg, IQR, 6.25-12 mg), nebivolol
(n = 5/243, 2.1%; median daily dose 2.5 mg, IQR 2.5-5
mg) or propranolol (n = 1/224, 0.5%; daily dose 80 mg).
All raw data on the beta-blocker prescriptions are provided
in the table S2 in appendix 1.

Secondary outcomes

Impact of hospital type on beta-blocker prescription at
discharge

More patients were discharged without beta-blocker pre-
scriptions from district hospitals than from the university
hospital. The proportion of patients with high beta-blocker
doses at discharge was greater in the district hospital dis-
charge group, regardless of LVEF. The differences between
the proportions with no beta-blocker, low dose beta-block-
er and high dose beta-blocker at discharge from the univer-
sity hospital versus from district hospitals were significant
in the LVEF <40% group (p = 0.03), but not in the LVEF
>40% group (fig. 2).

Impacts of length of university hospital stay, transfer to
district hospitals and cardio-rehabilitation on beta-block-
er prescription at one year

Table 3 shows that among patients with lengths of stay <2
days, the proportion of patients without beta-blocker pre-
scriptions at one year was greater than the proportion of
patients with such prescriptions (LVEF <40%: 4/6, 66.7%
vs 9/43, 20.9%, p = 0.017; LVEF >40%: 24/40, 60.0% vs
56/177, 31.6%, p = 0.001). As university hospital stays <2
days correlated strongly with transfers to district hospitals
(97.9% of such transfers occurred 1-2 days after STEMI),
the same results were found for transfer to district hos-
pitals. Rates of participation in cardiac rehabilitation pro-
grammes after discharge were similar between the groups,
except among patients with no beta-blocker prescription

Swiss Medical Weekly - PDF of the online version - www.smw.ch

Published under the copyright license “Attribution — Non-Commercial — No Derivatives 4.0".
No commercial reuse without permission. See http://emh.ch/en/services/permissions.html.

Page 3 of 9



Original article

and LVEFs >40%, of whom 40% did not participate in

such programmes.
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district hospital discharge
We analysed the evolution of beta-blocker prescriptions
among patients transferred to district hospitals (n = 120).
Among patients discharged from the university hospital
without beta-blocker, 69.0% (20/29) of those with LVEFs
>40% and 83.3% (5/6) of those with LVEFs <40% sub-

Table 1: Patient characteristics according to beta blocker (BB) prescription at discharge (n = 266).

Evolution of beta-blocker prescriptions from university to

Characteristic

No BB at discharge

BB at discharge

Low BB dose at dis-

High BB dose at dis-

(n=23) (n=243) charge charge
(n=227) (n=16)
Age, median (IQR) 67.6 (52.2-73.0) 63.6 (55.3-73.0) 62.9 (55.3-73.0) 66.7 (54.9-71.5)
Age group, years, n (%) <55 8 (34.8) 59 (24.3) 55 (24.2) 4 (25.0)
55-64 1(4.4) 73(30.0) 70 (30.9) 3(18.8)
65-74 9 (39.1) 63 (25.9) 56 (24.7) 7 (43.8)
275 5(21.7) 48 (19.8) 46 (20.3) 2(12.5)
Male, n (%) 17 (73.9) 188 (77.4) 176 (77.5) 12 (75.0)
BMI, kg/m?, n (%) <25 8(34.8) 91 (37.5) 84 (37.0) 7 (43.8)
25-29.9 10 (43.5) 101 (41.6) 96 (42.3) 5(31.3)
230 5(21.7) 51 (21.0) 47 (20.7) 4 (25.0)
CV risk factors, n (%)
Smoking Never 5(21.7) 86 (35.4) 78 (34.4) 8 (50.0)
Former 6(26.1) 66 (27.2) 64 (28.2) 2(12.5)
Current 12 (52.2) 91 (37.5) 85 (37.4) 6 (37.5)
Family history of CAD* 7 (30.4) 67 (31.2) 63 (31.2) 4 (30.8)
Hypertension 10 (43.5) 110 (45.3) 99 (43.6) 11 (68.8)
Dyslipidaemia® 14 (63.6) 155 (64.9) 146 (65.2) 9 (60.0)
Diabetes* 4(18.2) 28 (11.6) 26 (11.5) 2(12.5)
Medical history, n (%)
Comorbidities (any) 8(34.8) 80 (32.9) 75 (33.0) 5(31.3)
History of ACS* 2(8.7) 33(13.7) 32 (14.2) 1(6.3)
History of CABG* 0(0.0) 7(2.9) 7(3.1) 0(0.0)
History of PCIS 1(4.4) 34 (14.1) 32 (14.2) 2 (12.5)
Vital signs,T median (IQR) [ SBP (mm Hg) 116 (104-130) 116 (107-129) 115 (107-129) 121 (117-130)
DBP (mm Hg) 71 (63-76) 70 (62-79) 69 (62-78) 78.5 (71.5-83.5)
HR (bpm) 74 (64-81) 68 (63-80) 73 (64-81) 80 (75-89)
Laboratory values, median | Total cholesterol (mmol/l)' 5.0 (4.1-5.6) 5(4.2-5.8) 5(4.2-5.8) 4.7 (4.1-5.2)
(IaR) Creatinine (umol/l)” 80 (64-86) 85 (74-98) 86 (75-98) 81 (65-99)
Coronary disease type, n Monovessel 8 (34.8) 102 (42.0) 96 (42.3) 6 (37.5)
(%) Multivessel 15 (65.2) 141 (58.0) 131 (57.7) 10 (62.3)
LVEF, n (%) <30% 0(0.0) 9(3.7) 9 (4.0) 0(0.0)
30-39% 3(13.0) 37 (15.2) 34 (15.0) 3(18.8)
240% 20 (87.0) 137 (81.1) 184 (81.1) 13 (81.3)
Therapeutic strategy, n (%) |PCI 23 (100.0) 238 (97.9) 222 (97.8) 16 (100.0)
CABG 0(0.0) 3(1.2) 3(1.3) 0(0.0)
Conservative treatment 0(0.0) 2(0.8) 2(0.9) 0(0.0)
Co-prescriptions, n (%) Aspirin 23 (100.0) 239 (98.4) 223 (98.2) 16 (100.0)
P2Y12 inhibitor 23 (100.0) 241 (99.2) 225 (99.1) 16 (100.0)
Statin 21 (91.3) 234 (96.3) 219 (96.5) 15 (93.8)
ACEI 21(91.3) 230 (94.7) 214 (94.3) 16 (100.0)

ACEI = angiotensin converting-enzyme inhibitor ACS = acute coronary syndrome; BMI = body mass index; CABG = coronary artery bypass surgery; CAD = coronary artery
disease; CV = cardiovascular; DBP = diastolic blood pressure; HR = heart rate; IQR = interquartile range; LVEF = left ventricular ejection fraction; PCI = percutaneous coronary
intervention; SBP = systolic blood pressure Data missing for 28, 5, 2, $1, 16, '40 and “15 cases.

Table 2: Beta-blocker (BB) prescription at discharge and at one year, stratified by left ventricular ejection fraction (LVEF), with evolution over this period (n = 266).

Time of assessment LVEF <40% (n = 49) LVEF 240% (n = 217)
No BB Low BB dose High BB dose No BB Low BB dose High BB dose
Discharge, n (%) 3(6.1) 43 (87.8) 3(6.1) 20(9.2) 184 (84.8) 13 (6.0)
No change 2 (66.7) 37 (86.0) 3(100.0) 15 (75.0) 151 (82.1) 5(38.5)
Introduction 1(33.3) - - 5(25.0) - -
Withdrawal - 4(9.3) - - 24 (13.0) 1(7.7)
Up-titration - 2(4.7) - - 9 (4.9) -
Dose reduction - - - - - 7 (53.8)
1 year, n (%) 6(12.2) 38 (77.6) 5(10.2) 40 (18.4) 163 (75.1) 14 (6.5)
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sequently had a beta-blocker prescribed at district hospital
discharge (table 4).

Discussion

In this prospective cohort of patients hospitalised for STE-
MI, beta-blockers were prescribed at discharge in 91%
of cases. At one year after discharge, this proportion re-
mained high but had diminished slightly (82%). These
beta-blocker prescription proportions are consistent with
those found in other studies. For example, Auer et al. [17]
reported a beta-blocker prescription rate of 93% for pa-
tients discharged after ACS from hospitals in Switzerland.
However, our study adds important information about dos-
ing and up-titration practices. We found that the doses pre-
scribed at discharge were below those with established
benefits: the majority of patients received doses <50% of

the target doses. Moreover, up-titration was performed dur-
ing the year in <5% of cases, with the consequence that on-
ly 7% of patients were receiving optimal doses at one year.
These results were expected for patients with preserved
LVEEF, but are worrying for patients with reduced LVEFs,
only 10% of whom had optimal doses at one year. The few
studies from the US that have examined long-term beta-
blocker dosing yield similar results [14, 18, 19]. These re-
sults reflect a change in contemporary practice, which is
more focused on achieving a target heart rate (e.g., 60—70
bmp) than on up-titrating doses until the target dose chosen
in initial clinical trials is reached. Moreover, more patients
had their beta-blocker dose decreased or totally withdrawn
than increased. This reflects a difference between real-life
practice and that during clinical trials: real patients are old-
er, have more comorbidities, suffer from side effects or do
not want to take medicines. It is therefore more difficult

Figure 2: Beta-blocker prescription according to discharge hospital type (n = 266). BB = beta-blocker; LVEF = left ventricular ejection fraction
p=0.03
p=0.10
o,
133.,2 S04 12.5% Hesiie

80%
70%
60% High dose
50% 100.0% 89.3% 75.0% 92% Low dose
0% No BB
30%
20%
13:% — 12.5% 13.5%

%o

LVEF<40% (n=25) LVEF240% (n=121) LVEF<40% (n=24) LVEF240% (n=96)
University hospital discharge (n=146) District hospital discharge(n=120)

Table 3: Prescription of beta-blockers (BBs) at one year according to length of hospital stay, destination at discharge and participation in a cardiac rehabilitation (CR) pro-
gramme and according to left ventricular ejection fraction (LVEF) (n = 266).

LVEF <40% (n = 49) LVEF 240% (n = 217)
No BB at 1 year BB at 1 year p-value No BB at 1 year BB at 1 year p-value
(n=6) (n=43) (n=40) (n=177)
Length of stay <2 days 4 (66.7%) 9 (20.9%) 0.017 24 (60.0%) 56 (31.6%) 0.001
Transfer to district hospital 4 (66.7%) 20 (46.5%) 0.355 24 (60.0%) 72 (40.7%) 0.026
No CR participation* 1(16.7%) 7 (16.3%) 0.980 16 (40.0%) 17 (9.6%) 0.000
* Data missing for six cases in the BB at one year group, two for LVEF < 40% and four for LVEF = 40%.
Table 4: Changes in beta-blocker (BB) prescription from university to district hospital discharge in transferred patients (n = 120).
Time of assessment LVEF <40% (n = 24) LVEF 240% (n = 96)
No BB Low BB dose High BB dose No BB Low BB dose High BB dose
BB prescription at discharge from university 6 (25.0) 17 (70.8) 1(4.2) 29 (30.2) 65 (67.7) 2(2,1)
hospital, n (%)
No change 1(16.7) 12 (70.6) 0(0.0) 9 (31.0) 58 (89.2) 1(50.0)
Introduction 5(83.3) - - 20 (69.0) - -
Withdrawal - 2(11.8) 0(0.0) - 4(6.2) 0(0.0)
Up-titration - 3(17.7) - - 3(4.6) -
Dose reduction - - 1(100.0) - - 1 (50.0)
BB prescription at discharge from district hospi- 3(12.5) 18 (75.0) 3(12.5) 13 (13.5) 76 (79.2) 7(7.3)
tal, n (%)
LVEF = left ventricular ejection fraction
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to achieve the target dosing. However, many patients had
no change at all in their beta-blocker prescription. Thus,
we postulate that this is probably the consequence of short
hospital stays and clinical inertia.

We found that more patients were discharged without beta-
blocker prescriptions from district hospitals (i.e., after
transfer) than from the university hospital. Moreover, we
demonstrated that a large proportion of patients with no
beta-blocker prescription at one year had short university
hospital stays for both LVEF groups. As a short length of
stay was due mainly to rapid transfer to district hospitals
after PCI, we analysed the evolution of beta-blocker pre-
scription between discharge from the university hospital
and discharge from the district hospital after transfer. We
found that 25-30% of transferred patients did not have any
beta-blocker prescriptions at the time of university hospi-
tal discharge. After transfer, beta-blocker were not intro-
duced in the district hospitals for about 31% of patients
with preserved LVEFs, and for 16.7% of those with re-
duced LVEFs. These findings imply that a rapid transfer
to district hospitals, and thus a short length of stay in the
university hospital, is probably a reason for poor beta-
blocker prescription. As these patterns were investigated as
secondary outcomes in this study, we did not statistically
analyse them by accounting for cofounders. Thus, these
findings should be taken with caution because many other
factors (e.g., disease severity, contraindications not known
during university hospital stay, patient intolerance) could
have affected beta-blocker prescription during district hos-
pital stays.

Several explanations can be offered for the prevalence of
low beta-blocker doses at discharge, the low prevalence
of beta-blocker up-titration and the relationship between
short hospital stays and poor beta-blocker prescription. Be-
ta-blocker prescription can be difficult due to known side
effects such as dizziness and fatigue [20]. Additionally, in
the early phase after STEMI, many patients develop brady-
cardia or hypotension, which contraindicate beta-blocker
prescription. Hospital stays for STEMI have been short-
ened in recent years, with about half of patients transferred
to district hospitals within 24-48 hours, leaving physicians
with insufficient time for evidence-based medication pre-
scription. The reasons for the lack of up-titration during
university hospital stays are probably similar, as up-titra-
tion to a target dose is performed over a period of weeks.
However, these issues do not explain the infrequency of
up-titration or beta-blocker introduction after transfer from
a university hospital. We hypothesise that prescribers at
district hospitals and in ambulatory care settings have great
confidence in the prescription decisions made by special-
ists at university hospitals, making them less likely to make
changes. Additionally, as beta-blockers are not well toler-
ated in clinical practice, many patients probably report side
effects such as fatigue, effort intolerance and sexual dys-
function during outpatient visits. As these side effects are
dose related, general practitioners (GPs) may be reluctant
to up-titrate. Moreover, as outpatients are not monitored,
the fear of provoking bradycardia or atrioventricular block
may lead prescribers to avoid up-titration. Finally, we be-
lieve that clinical inertia contributes to this trend. Dose up-
titration is not the first therapeutic goal of GPs, who may
not be familiar with target doses (especially given their ab-
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sence from guidelines) and have other medical issues to
address during patient visits. Our data did not indicate the
type of physician (i.e., generalist vs cardiologist) in charge
of prescription during outpatient care, or whether patients
were followed via outpatient cardiology consultation at the
university hospital. As Allen et al. [21] found that car-
diologists were more likely than generalists to intensify
medication therapy after myocardial infarction, such infor-
mation would have enabled interesting comparisons that
could have led to the proposal of strategies for improve-
ment.

Overall, our results show that up-titration occurs infre-
quently in real-life practice, reflecting uncertainty about
the optimal doses for patients with STEMI. These findings
cannot be criticised for patients without reduced LVEF, be-
cause literature data do not provide sufficient evidence for
this particular point. At the time that this article was writ-
ten, patients were being recruited for two randomised con-
trolled trials assessing the efficacy of beta-blockers in the
modern era [22, 23]. These two studies will add impor-
tant knowledge about the use of beta-blockers in patients
with preserved LVEFs, and their findings will certainly
help cardiologists decide whether they should prescribe be-
ta-blockers to all patients after STEMI, and at which doses.
In the meantime, we believe that beta-blockers should still
be prescribed to all patients after STEMI if there is no con-
traindication. Up-titration should be employed specifically
in patients with reduced LVEFs.

Strategies to optimise beta-blocker prescription

The poor beta-blocker prescription and up-titration prac-
tices revealed by this study demonstrate a need for im-
provement. The strong relationship between the type of
healthcare provider and beta-blocker prescription implies
that the quality of prescription could be optimised by im-
proving the continuum of care. We found that many dis-
charge letters did not contain high-quality information
about the long-term management of patients with chronic
illness and were not sufficient to ensure good communica-
tion between healthcare providers. Strategies such as im-
proved care coordination have been shown to benefit the
management of diverse chronic illnesses [24]. One study
showed that clinical inertia could be reduced with inter-
ventions such as the provision of feedback and reminders
(computerised or in face-to-face sessions with an endocri-
nologist) to the clinician at each visit of a patient with di-
abetes [25]. Regrettably, time and money are required for
the development of such interventions. While these strate-
gies could be developed over the long term, shorter-term
strategies should be used in the meantime.

Our findings lead us to emphasise the unequivocal im-
portance of beta-blocker prescription and up-titration for
patients with reduced LVEFs. One strategy to enhance
communication between healthcare providers (i.e., district
hospitals, outpatient cardiologists, GPs, cardiac rehabili-
tation centres and pharmacies), as well as with patients,
would be to discharge these patients from the university
hospital with treatment plans containing information about
their long-term management. These plans could contain
recommendations for beta-blocker dose up-titration within
several weeks of discharge. Where beta-blocker have not
been introduced during the university hospital stay, the rea-
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son for non-prescription and, if appropriate, recommenda-
tions for beta-blocker introduction and up-titration, should
be provided in the plan. Such improvements in commu-
nication should be implemented urgently for high-risk pa-
tients.

Strengths and limitation

Our study has several strengths. To the best of our knowl-
edge, our study is the first in Switzerland to report beta-
blocker prescriptions after STEMI over a period of one
year, including the dosing and up-titration. Our results rep-
resent real-life conditions and raise the issue of clinical in-
ertia. Although our results cannot be generalised to every
hospital in the world, we are convinced that the problem of
clinical inertia is known everywhere. Our results can there-
fore be used as a benchmark and as a reminder of the im-
portance of up-titration after discharge.

The major limitation of our study is the small study popu-
lation, due in part to considerable loss to follow-up. More-
over, we had to exclude several patients because some of
their data were lacking, which is also a source of bias. Lost
patients were significantly younger than those who com-
pleted follow-up and may have had more severe disease
and lower beta-blocker tolerance. However, we were able
to observe clear trends in this small sample, which should
be confirmed in a larger cohort.

Another limitation is related to the lack of some relevant
information, such as pre-admission prescription data. A pa-
tient taking beta-blockers before STEMI would probably
have been more likely to be on target-dose beta-blockers
during hospitalisation than beta-blocker naive patients. In
addition, we were not able to assess reasons for beta-block-
er withdrawal or dose reduction during the one-year fol-
low-up period. During telephone interviews, many patients
could not describe their practitioners’ reasons for beta-
blocker withdrawal or introduction. Withdrawal was likely
performed for good reasons (i.e. intolerance) for many pa-
tients, but conditions such as bradycardia or hypotension
may have subsequently normalised in some patients, per-
mitting re-prescription. Furthermore, some patients might
have provided inaccurate information. Finally, we did not
have data on patients’ vital parameters and LVEF after one
year. LVEF dysfunction can resolve during the period after
STEMI, removing the need for beta-blocker use.

Conclusion

The results of the present study provide information on
long-term beta-blocker prescription to patients admitted to
a university hospital in Switzerland for STEMI. Although
only a small proportion of these patients were discharged
from the hospital with no beta-blocker prescription, we
found that beta-blocker under-dosing is an issue, as only
a very small proportion of patients were receiving target
beta-blocker doses at one year after discharge. This un-
derdosing is especially worrying for patients with reduced
LVEFs. To optimise beta-blocker prescription at the time
of discharge and in the long term, we suggest the provision
of patient plans at the time of discharge to maximise the
continuum of care through better communication between
healthcare providers.
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Appendix 1 Table S2: Beta-blockers prescribed at discharge and at one
year for each participant (n = 266), classified by left ven-
Supplementary tables tricular ejection fraction (LVEF) category.

Table S1: Beta-blocker doses classified in two categories ~ 1he appendix i.s avgilable as a separate file at
depending of the target dose (low dosing, <50% and high ~ https://smw.ch/article/doi/smw.2020.20321.
dosing, >50%).
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