European Journal of Cardio-Thoracic Surgery 2024, 66(4), ezae365 ORIGINAL ARTICLE
https://doi.org/10.1093/ejcts/ezae365 Advance Access publication 7 October 2024

Cite this article as: Hansson EC, Martinsson A, Baranowska J, Torngren C, Pan E, Bjorklund E et al. Betablockers and clinical outcome after surgical aortic valve re-
placement: a report from the SWEDEHEART registry. Eur J Cardiothorac Surg 2024; doi:10.1093/ejcts/ezae365.

Betablockers and clinical outcome after surgical aortic valve
replacement: a report from the SWEDEHEART registry

CONVENTIONAL
VALVE OPERATIONS

Emma C. Hansson (>"*, Andreas Martinsson®<, Julia Baranowska®<, Charlotta Torngren®,
Emily Pan ®%¢, Erik Bjorklund ®°f and Martin Karlsson (®°

#Department of Cardiothoracic Surgery, Sahlgrenska University Hospital, Gothenburg, Sweden

bDepartment of Molecular and Clinical Medicine, Institute of medicine, Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden
“Department of Cardiology, Sahlgrenska University Hospital, Gothenburg, Sweden

9Department of Surgery and Clinical Medicine, University of Turku, Turku, Finland

®Department of Surgery, Central Finland Hospital Nova, Jyvaskyla, Finland

fDepartment of Medicine, South Alvsborg Hospital, Bors, Sweden

* Corresponding author. Department of Cardiothoracic Surgery, Sahlgrenska University Hospital, Bl4 Stréket 5, plan 5. 5-413 45 Gothenburg, Sweden.
Tel: +46-31-342-75-13; fax: +46-31-417991; e-mail: emma.hansson@vgregion.se (E.C. Hansson).

Received 31 May 2024; received in revised form 25 September 2024; accepted 3 October 2024

Betablockers and clinical outcome after surgical aortic valve replacement

— a report from the SWEDEHEART registry

Summary

MACE ——
Patients with surgical aortic valve All-cause death o
replacement due to aortic stenosis (n=11 894)
were identified in mandatory national Stroke A I —
registries. MACE during follow-up (median 5.4
years [range 0-13.5]) was compared Myocardial infarction i @
depending on betablocker treatment, defined
as continuing time-updated dispense. Seunitivity nulysis:
Patients with betablockers had higher risk of
MACE, but the effect was diminished when MACE Additionally adjusted e
adjusting for new cardiovascular comorbidities for new CV disease
during follow up. _— "

Legend: MACE: Major adverse cardiovascular events
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Abstract

OBJECTIVES: Previous reports suggest that betablockers appear non-beneficial after surgical aortic valve replacement (SAVR). This study
aims to clarify the associations between betablockers and long-term outcome after SAVR.
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METHODS: All patients with isolated SAVR due to aortic stenosis in Sweden between 2006 and 2020, alive at 6 months after surgery,
were included. Patients were identified in the SWEDEHEART registry, and records were merged with data from 3 other mandatory na-
tional registries. Association between dispensed betablockers and major adverse cardiovascular events (MACE) (all-cause mortality, myo-
cardial infarction and stroke) was analyzed using Cox proportional hazards models, with time-updated data on medication and adjusted
for age, sex and comorbidities at baseline.

RESULTS: In total, 11 849 patients were included [median follow-up 5.4 years (range 0-13.5)]. Betablockers were prescribed to 79.7% of
patients at baseline, decreasing to 62.2% after 5 years. Continuing treatment was associated with higher risk of MACE [adjusted hazard
ratio 1.14 (95% confidence interval, Cl 1.05-1.23)]. The association was consistent over subgroups based on age, sex and comorbidities
except atrial fibrillation [hazard ratio (HR) 1.05 (95% CI 0.93-1.19)]. A sensitivity analysis including time-updated data on comorbidites
attenuated the difference between the groups [HR 1.04 (95% Cl 0.95-1.14, P=0.33)].

CONCLUSIONS: Treatment with betablockers did not appear to be associated with inferior long-term outcome after SAVR, when adjust-
ing for new concomitant diseases. Thus, it is likely that it is the underlying cardiac diseases that are associated with MACE rather than

betablocker treatment.
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ABBREVIATIONS

AF Atrial fibrillation

aHR Adjusted hazard ratio

CABG Coronary artery bypass grafting

cl Confidence interval

HR Hazard ratio

LVEF Left ventricular ejection fraction

MACE Major adverse cardiovascular events

MI Myocardial infarction

RAS Renin-angiotensin system

SAVR Surgical aortic valve replacement
BACKGROUND

Severe and symptomatic aortic stenosis is a malignant condition
with high risk of mortality if left untreated. Nowadays, the prog-
nosis and life expectancy after surgical aortic valve replacement
(SAVR) as well as after transcatheter aortic valve implantation is
excellent, even in patients of advanced age [1]. In addition to suc-
cessful surgical results, the life expectancy after SAVR may poten-
tially be even further improved if optimal and continuing
secondary prevention of further cardiovascular diseases is offered.

In patients undergoing coronary artery bypass grafting
(CABG), early start of secondary prevention medication after the
initial event has been identified as an important target to im-
prove patient care [2], and current guidelines recommend statins
and antiplatelet therapy to all patients with established coronary
artery disease, and renin-angiotensin system (RAS)-inhibitors
and betablockers in selected subgroups. This combination of
secondary prevention medication has been shown to reduce
mortality after CABG [2], although the benefit from betablockers
is increasingly being questioned [3-5].

In patients undergoing isolated SAVR, current guidelines are less
clear regarding the benefits of secondary prevention medication
and which drugs to use [6, 7]. Compared to coronary artery dis-
ease, there are no clear recommendations regarding medical treat-
ment after SAVR. In addition to any need for anticoagulation,
treatment of comorbidities, such as hypertension and heart failure,
is recommended [7]. An American study from 2019 [5] reported
that preoperative use of betablockers was associated with worse
survival after SAVR in a large retrospective registry using data from
the Society of Thoracic Surgeons database. However, patients with

betablockers had more comorbidities and the paper reports only
short-term outcome and had no information on postoperative
medication. A recent publication from our group detailing medical
treatment after SAVR in Sweden [8], reports that postoperative use
of RAS inhibitors and statins was associated with improved survival
after SAVR, whereas use of betablockers was associated with
reduced survival. However, the report described only all-cause
mortality and did not distinguish type of betablocker. This study
aims to further investigate the use of betablockers after SAVR,
associations with major adverse cardiovascular events (MACE) and
explore whether any specific subgroup, based on preoperative
comorbidities, may benefit from betablocker treatment.

METHODS

All cardiac surgery patients in Sweden since 1992 are recorded in
the Swedish Cardiac Surgery Registry [9], as a part of the
SWEDEHEART (Swedish Web-system for enhancement and devel-
opment of evidence-based care in heart disease evaluated accord-
ing to recommended therapies) registry [10]. Data from this
registry have been merged with data from other mandatory na-
tional Swedish registries (the National Patient Register, the
National Cause of Death Register and the Swedish Prescribed Drug
Register) using the unique personal identification number given to
every Swedish citizen at birth or immigration. The National Patient
Register contains information on International Classification of
Diseases version 10 (ICD-10) diagnoses from every hospitalization
in Sweden since 1987, the National Cause of Death Register
records date and cause of death and the Swedish Prescribed Drug
Register has information on prescribed and dispensed drugs using
the Anatomical Therapeutic Classification (ATC).

Ethical statement

The study was approved by the regional research ethics commit-
tee (registration number 2021-00122), waiving individual con-
sent, and was written according to Strengthening the Reporting
in Observational studies in Epidemiology recommendations [11].

Patients and definitions

All patients undergoing SAVR due to aortic stenosis with a bio-
logical or mechanical valve prosthesis between 2006 and 2020
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were identified from the Cardiac Surgery Registry and included
Patients who had SAVR in the dataset. Patients with infectious endocarditis or concomi-
2006-2020 (n=22,857) tant procedures were excluded. Patients who died within 6
months after surgery were excluded as early mortality was
deemed unlikely to be affected by long-term pharmacological
treatment, similarly, patients with less than 6 months of follow-
up were also excluded. Otherwise, patients were followed until
death, emigration or until closure of the database at 31
December, 2020. Comorbidities were taken from the Cardiac

CONVENTIONAL
VALVE OPERATIONS

Patients with combined

prooEdures (=2, F4H4) Y Surgery Registry and supplemented with diagnoses from the
Patients with isolated National Patient Register, defined as present at baseline if they

SAVR (n=13,113) were present at discharge after surgery. Betablocker treatment

was defined as dispense of any prescribed betablocker (ATC

C07) at 6 months after surgery. Cardioselective betablockers
were defined as ATC CO7AA, while patients with non-selective
betablockers (ATC CO7AB and CO7AG, i.e. propranolol, carvedilol

Patients with a previous or sotalol) represented a minority of patients (n=532, 4.5%,
history of endocarditis \ Figs 1 and 2) and were excluded from the outcome analysis.
(n=430) Adherence to treatment over time was updated every 3 months
Patients without during follow-up and non-adherence was defined as failure to

endocarditis (n=12,683) retrieve prescribed medication over 2 consecutive 3-month

periods. Only dispensed prescriptions were considered in

the analyses.

The primary endpoint was major cardiovascular adverse
events (MACE), defined as a composite endpoint of either
all-cause mortality, or a new diagnosis of stroke or myocardial
infarction (MI) starting at 6 months after surgery. Secondary

Patients with less than 6

months of follow-up \ . e . . ;
(n=789) endpoints were the individual endpoints included in the com-
Final study population posite endpoint. A priori determined subgroups of interest for
(n=11,894) analysis were patients with previous MI, heart failure, hyperten-

sion, atrial fibrillation (AF) and low left ventricular ejection frac-
tion (LVEF). A sensitivity analysis adjusting for emerging
Figure 1: Flowchart of included patients. comorbidities possibly confounding the analysis by an

Dispense of medical therapy after discharge
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Figure 2: Dispense of betablockers at baseline 6 months after surgical aortic valve replacement, and during follow-up. Shaded area represents 95% confi-
dence interval.



4 E.C. Hansson et al. / European Journal of Cardio-Thoracic Surgery

association with both treatment and outcome (i.e. heart failure,
new MIl, hypertension or AF) during follow-up was
also conducted.

Statistics

Statistical comparison between baseline characteristics was eval-
uated using Student’s t-test for normally distributed continuous
variables, Mann-Whitney U-test for non-normally distributed
continuous variables and Chi-square test for categorical varia-
bles. Whether the variables satisfied the normal distribution
were evaluated by graphical evaluation using histograms and
QQ-plots. A time-dependent Cox proportional hazards model
was used to calculate adjusted hazard ratios (aHRs) with 95%
confidence intervals (Cls) for potential associations between
treatment with betablockers and MACE. The model was adjusted
for age, sex, year of surgery, mechanical/biological valve pros-
thesis, prior stroke, peripheral vascular disease, previous MI,
prior heart failure, hypertension, hyperlipidaemia, diabetes mel-
litus, AF, LVEF over or under 50%, estimated glomerular filtration
rate calculated according to the Chronic Kidney Disease
Epidemiology Collaboration formula [12], use of statins, use of
renin-angiotensin-system-inhibitors and use of acetylsalicylic
acid. The adjustments were determined prior to analyses.
Several variables had missing data, body mass index (n=308,
2.6%), LVEF (n=46, 0.4%) and type of prosthesis (n =34, 0.3%).
Missing data were handled by multiple imputation by polyto-
mous regression or logistic regression, as appropriate. Formal
interaction analysis was performed for the previously mentioned
clinically relevant subgroups. The proportional hazards assump-
tion was evaluated using Schoenfeld residuals and the model
did not meet the assumption. The variables with a time-varying
effect were age at operation and year of surgery. This was
handled by using a time-interaction term for these variables.
Collinearity was assessed by variance inflation factor.
Collinearity was considered non-significant as all variables had a
variance inflation factor below 2.0. As a sensitivity analysis, the

primary outcome was evaluated using propensity score match-
ing. The variables as described above were used to calculate the
propensity score. Logistic regression was used to predict the use
of betablockers, and patients were matched 1:1 using nearest-
neighbor matching with a caliper of 0.1. Matching was evaluated
using standardized difference for each variable, and adequate
matching was achieved.

For outcomes which did not include all-cause mortality (i.e. stroke
and myocardial infarction), cause-specific hazards were calculated to
account for competing risks as the aim of the study was to evaluate
the impact of the treatment rather than survival probability.

Data are presented as median with 25th—75th percentiles or
number with percent. A P-value of <0.05 was considered statis-
tically significant. All statistical analyses were performed using R
(R Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Baseline characteristics

In total, 11 894 patients were identified and ultimately included
in the study. Median follow-up time was 5.4years (range 0-
13.5years). A flowchart of excluded patients can be found in
Fig. 1. Baseline comorbidities are summarized in Table 1.
Patients who were prescribed betablockers at baseline were
older and had significantly more comorbidities. AF was present
in 47.0% of patients on betablockers compared to 27.2% of
patients without betablockers, and 65.7% of patients had hyper-
tension compared to 51.2% in the group without treatment.
Additionally, previous MI, heart failure and diabetes mellitus
were more common among patients treated with betablockers.

Dispense of betablockers

Betablockers were dispensed to 79.7% of patients at baseline,
and decreased over the following years (Fig. 2) to 62.2% after

Table 1: Baseline characteristics

Patients on betablockers at Patients not on betablockers at P-value

baseline (n=9610) baseline (n =2284)
Age (years) 69.9 (SD 10.7) 67.7 (SD 12.4) <0.001
Female (%) 3946 (41.1%) 865 (37.9%) 0.004
Left ventricular ejection fraction <50% 2085 (21.7%) 301 (13.2%) <0.001
BMI (kg/m?) 27.0 (IQR 21.0-33.0) 26.3 (IQR 20.7-31.9) <0.001
eGFR (ml/min/m?) 76.5 (29.4) 79.8(29.1) <0.001
Previous Ml 825 (8.6%) 122 (5.3%) <0.001
Atrial fibrillation 4520 (47.0%) 622 (27.2%) <0.001
Heart failure 1167 (12.1%) 134 (5.9 %) <0.001
Diabetes 1839 (19.1%) 345 (15.1%) <0.001
Renal failure 564 (5.9%) 89 (3.9%) 0.003
Previous stroke 358 (3.7%) 65 (2.8%) 0.040
Hypertension 6316 (65.7%) 1169 (51.2%) <0.001
Peripheral artery disease 1859 (19.3%) 380 (17.0%) 0.021
Hyperlipidaemia 2911 (30.3%) 565 (24.7%) <0.001
Biological valve prosthesis 7585 (80.0%) 1810 (74.9%) <0.001
Statin treatment 4974 (52.4%) 1032 (42.8%) <0.001
RAS-inhibitor treatment 5334 (56.2%) 1043 (43.3%) <0.001
ASA treatment 4499 (47.4%) 1143 (47.4%) 0.99

Comparison between patients with or without betablockers.

ASA: acetyl salicylic acid; BMI: body mass index; eGFR: estimated glomerular filtration; IQR: interquartile range; MI: myocardial infarction; RAS: renin-angiotensin-system.
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5 years. A smaller proportion of patients (3.9%) were prescribed
sotalol and this proportion decreased to close to zero over the
first years after surgery. Between 2007 and 2020, the prescription
of sotalol has dwindled to almost nonexistent (Fig. 3). Patients
with non-selective betablockers were excluded from out-
come analysis.

Outcomes

Crude event rate of MACE was 6.5 vs 5.1 events per 100 patient-
years in patients with and without betablockers, respectively. In
the adjusted model (Table 2), treatment with betablockers at
baseline was associated with a higher risk of MACE [aHR 1.14
(95% ClI 1.05-1.23)]. MACE probability over time depending on
betablocker treatment is illustrated in Fig. 4. The results from the
sensitivity analysis using propensity score matching resulted in a
similar estimate [hazard ratio (HR) 1.13, 95% Cl 1.03-1.24,
P =0.014]. There were no significant differences in the individual
outcomes; death from any cause [aHR 1.06 (95% Cl 0.98-1.15)],
stroke [aHR 1.07 (95% Cl 0.91-1.25)] or MI [aHR 0.94 (95% ClI
0.71-1.25)]. Crude event rate of MACE was numerically higher in
older patients and patients with previously diagnosed comorbid-
ities (Supplementary Material, Table S1). The association be-
tween risk for MACE and ongoing betablocker treatment was
similar and remained unchanged in all prespecified subgroups
(Fig. 5), except for the group with preoperative atrial fibrillation
in which there was no increased risk of MACE with betablocker
treatment [aHR 1.05 (95% Cl 0.93-1.19) for patients with AF and
HR 1.24 (95% Cl 1.11-1.38) for patients without AF, P for
interaction = 0.038].

In a sensitivity analysis, we also included new comorbidities
emerging during follow-up as a time-updated factor effect, 9.2%
of patients had a new diagnosis of hypertension, 6.0% a new

diagnosis of atrial fibrillation and 2.9% a new diagnosis of heart
failure. After adding these to the model, the association between
betablocker treatment and MACE was attenuated and there was
no association between treatment and risk of MACE (HR 1.04,
95% Cl 0.95-1.14, P=0.38, Table 2).

DISCUSSION

This population-based study shows a high rate of long-term use
of betablockers after isolated SAVR due to aortic stenosis. It also
demonstrates a correlation between ongoing use of betablock-
ers after SAVR and a worsened prognosis, expressed as a higher
risk for MACE. This negative association was present also after
extensive adjustments for concomitant diseases at baseline, and
remained robust in all prespecified clinically interesting sub-
groups except for patients with atrial fibrillation.

Patients on betablocker treatment are clearly older and have
more comorbidities compared with patients without betablock-
ers, which may be one reason for the inferior outcome. Still, the
difference in MACE between these groups was present also after
adjustments for baseline factors. Nevertheless, the difference
was mitigated after adjustments for additional diagnoses emerg-
ing during the follow-up period.

Betablockers have for long been a cornerstone in the treat-
ment of heart failure with reduced ejection fraction. However, it
has come in to question in the treatment of other cardiac dis-
eases in the later years [4], as reflected by a number of new stud-
ies re-evaluating the use of betablockers in coronary artery
disease [13]. After cardiac surgery, secondary prevention with
RAS inhibitors and statins have shown consistently positive
results both after SAVR [8] and coronary artery bypass grafting
[14], whereas the benefits of betablockers are more ambiguous
[2, 3] Our report strengthens the initiative to evaluate
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Figure 3: Change in dispense of different types of betablockers after surgical aortic valve replacement over time.
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Table 2: Primary and secondary endpoints

Patients on betablockers at
baseline (n=9610)
Event rate (per 100 patient years)

Patients not on betablockers at
baseline (n =2284)
Event rate (per 100 patient years)

Adjusted® hazard ratio

aHR (95% Cl)

MACE 6.5 (6.3-6.8)
All-cause death 4.9(4.7-5.1)
Stroke 2.1(1.9-2.2)
Myocardial infarction 0.5(0.4-0.6)

Sensitivity analyses

6) 1.14 (1.05-1.23)
3) 1.06 (0.98-1.15)
8) 1.07 (0.91-1.25)
6) 0.94 (0.71-1.25)

Additionally adjusted for cardiovascular disease occurring during follow-up®

MACE

All-cause death
Stroke

Myocardial infarction

1.04 (0.95-1.14
0.92 (0.84-1.00
0.92 (0.79-1.05
0.92 (0.69-1.22

RN AN

*Hazard ratio from Cox regression analysis. Adjusted for age, sex, year of surgery, mechanical/biological valve prosthesis, prior stroke, peripheral vascular disease,
previous M, prior heart failure, hypertension, hyperlipidaemia, diabetes mellitus, atrial fibrillation, LVEF over or under 50%, estimated glomerular filtration rate
(eGFR) calculated according to the Chronic Kidney Disease Epidemiology Collaboration formula [12], use of statins, use of renin-angiotensin-system inhibitors

and use of acetylsalicylic acid.

PAdditionally adjusted for new diagnosis of heart failure, myocardial infarction, hypertension or atrial fibrillation.

75% A

50% A

Overall MACE probability

25%

0% 1

Treatment status

No betablockers

Years

Betablockers

Figure 4: Major adverse cardiovascular events over time in patients with and without betablocker treatment after surgical aortic valve replacement. The curves start
at start of follow-up at 6 months after surgery. Shaded areas represent 95% confidence intervals.

betablocker treatment anew in this era of cardiology with far
more therapeutical options, such as RAS inhibitors, which were
not present in the early studies showing beneficial effects of
betablockers. Newer treatments for heart failure such as
sodium-glucose cotransporter-2 inhibitors were not prevalent

during the studied period and have not been considered in
this paper.

In this study, the models were controlled not only for con-
comitant diagnoses at baseline but also for the use of other sec-
ondary prevention medications (i.e. platelet inhibitors, statin
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Beta-blockers - MACE

aHR (95% CI) p-value for interaction L2
o
Ze
o<
. S
All patients 1.14 (1.05-1.23) —e— Zo
SO
2w
Sex Male 1.16 (1.04-1.29) —— 0.69 8;
Female 1.11(0.98-1.26) —— >
Age <75 Years 1.20 (1.06-1.36) —— 0.13
>75 Years 1.13 (1.00-1.26) ——
EF <50% Yes 1.19 (1.01-1.41) — 0.90
No 1.13 (1.03-1.24) ——
Prior Ml Yes 1.06 (0.81-1.39) —_— 0.25
No 1.15 (1.06-1.26) ——
Atrial fibrillation Yes 1.05 (0.93-1.19) —e— 0.038
No 1.24 (1.11-1.38) —
Heart failure Yes 1.01 (0.80-1.28) e 0.091
No 1.17 (1.07-1.27) —e—
Hypertension Yes 1.13 (1.02-1.26) —— 0.73
No 1.15 (1.00-1.32) ——
Type of prosthesis Biological 1.14 (1.04-1.23) —e— 0.41

Mechanical 1.16 (0.91-1.49)

0.5 0.75 1 125 1.5
< Favours treatment Favours no treatment >

Figure 5: Effect of betablockers after surgical aortic valve replacement in prespecified subgroups.

treatment and RAS inhibitors) during follow-up. As previously
reported from our group [8], patients use of RAS inhibitors was
beneficial both before and after adjustments for confounding
factors. In the current study, there was no trend toward a more
positive effect in any of the subgroups with traditionally strong
indications for betablockers, such as heart failure or previous MI.
It should be noted that information describing the exact indica-
tion for use of betablocker treatment in each patient was not
noted in the registries. It is therefore not possible to separate
patients on betablocker treatment due to heart failure from
those who have it mainly as an adjunct in antihypertensive treat-
ment if both diagnoses are present.

This cohort does not include patients with coronary artery
disease requiring surgical intervention, as only isolated SAVR
was included. Hence, it is possible that a number of SAVR
patients who would benefit more from betablocker treatment
were excluded in this study design.

The present data confirm and expand previously reported
studies [5, 8]. Schubert et al. reported that patients on betablock-
ers prior to surgery had worse short-term prognosis after SAVR,
when compared to patients without betablockers. Another study
has shown similar results for betablocker treatment after trans-
catheter aortic valve implantation, where no effect, positive or
negative, could be seen on midterm outcome [15]. Our data

confirm this absence of effect also after SAVR in long-term fol-
low-up with continuing betablocker treatment.

Patients with AF is a group with a normally strong indication
for treatment with betablockers. In this study, we were not able
to ascertain a beneficial effect in these patients. However, the
negative association in the main analysis was not present in
patients with AF. Also, most patients with AF have an indication
for treatment with anticoagulants, which we have not studied in
this paper, but may impact morbidity and mortality during the
follow-up.

The sensitivity analysis of emerging comorbidities which may
impact the indication for use of betablockers and also possibly
affect outcomes included hypertension, AF and heart failure.
Hypertension was the most common cardiac comorbidity to ap-
pear during follow-up, with 9.2% of patients receiving a new
diagnosis. A new diagnosis of AF was less common, 6.0% in total
during follow-up. It is important to note that postoperative AF
presenting in the first period after surgery is included in baseline
comorbidities and were therefore not included in the sensitivity
analysis. Development of heart failure was rather uncommon,
which is encouraging, as it confirms that SAVR alleviates the
increased strain on the heart and prevents the expected deteri-
oration of heart function if the valve would have been left
untreated. When adjusted for these factors, the negative
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association was no longer significant, indicating that it is not the
betablocker treatment per se, but instead the underlying worsen-
ing of cardiac disease that is causing the increase in MACE.

This report represents a retrospective registry study, which
comes with well-known strengths and limitations. The study
setup carries an inherent risk for residual confounding, as it is
only possible to correct for factors which we have measured.
There is also a risk for confounding by indication as all prescrip-
tions were made by clinicians evaluating all aspects of the indi-
vidual patient. It is therefore possible that prescription of
betablockers were made mainly to patients who were in a more
advanced stage of their cardiac disease, or have individual indi-
cations for use of betablockers which we have not been able to
include in the present adjustments in the statistical analysis.

However, as randomized controlled studies of pharmaceutical
agents with already established indications in cardiac surgery
patients are very hard to conduct due to lack of funding and the
sheer number of patients necessary for interpretable results,
retrospective analyses may be the only way to answer such
questions. Nevertheless, that renders it necessary to ensure the
highest quality possible in the included data. Our data sources
are robust, well validated and show real-world data from an en-
tire nation with virtually no loss of follow-up. The registries are
mandatory and include both public and private caregivers and
pharmacies, and data on medication are not only from prescrip-
tion, but actual dispense of medication to the patient. Another
strength of this study setup is that data on medication was time-
updated every 3 months during the entire follow-up, meaning
that each patient contributes risk to the treatment group in
which they belong throughout follow-up, and not to the group
they represented at the start of the study. Lastly, the results
remained consistent after using different statistical analyses, indi-
cating that the associations are robust. However, reasons for
interruption of treatment were not registered, so we are unable
to report on reasons for discontinuation. Furthermore, we are
not able to ascertain cause of death with sufficient resolution,
and are thus forced to report only on all-cause mortality instead
of cardiovascular mortality.

To conclude, this retrospective registry study shows that beta-
blocker treatment is common after SAVR due to AS. An initial
non-beneficial association between long-term betablocker treat-
ment after SAVR and MACE was found, but this was attenuated
after adjustment for emerging comorbidites. We therefore sug-
gest, due to lack of prospective randomized clinical studies in
this specific population, that betablockers should be used to
treat concomitant cardiac disease such as heart failure with
reduced LVEF or cardiac arrythmias as per current guidelines,
but not given generally to patients after SAVR without other
indications for treatment.

SUPPLEMENTARY MATERIAL

Supplementary material is available at E/CTS online.

Conflict of interest: none declared.

FUNDING

This work was supported by a grant from the Swedish Heart-
Lung Foundation (grant number 20220727 to E.C.H.).

DATA AVAILABILITY

Data is owned by a third party. The data underlying this article
were provided by SWEDEHEART and national healthcare regis-
tries in Sweden by permission. Data will be shared on request to
the corresponding author with permission of SWEDEHEART and
the Swedish National Board of Health and Welfare.

Author contributions

Emma C. Hansson: Conceptualization; Funding acquisition; Investigation;
Methodology; Project administration; Resources; Supervision; Writing—origin-
al draft; Writing—review & editing. Andreas Martinsson: Conceptualization;
Data curation; Formal analysis; Methodology; Visualization; Writing—review &
editing. Julia Baranowska: Conceptualization; Writing—review & editing.
Charlotta Torngren: Writing—review & editing. Emily Pan: Writing—review
& editing. Erik Bjorklund: Writing—review & editing. Martin Karlsson:
Conceptualization; Methodology; Writing—review & editing.

Reviewer information

Reviewer information European Journal of Cardio-Thoracic Surgery thanks
Milan Milojevic, Derrick Y. Tam and the other anonymous reviewers for their
contribution to the peer review process of this article.

REFERENCES

[11 Martinsson A, Nielsen SJ, Milojevic M, Redfors B, Omerovic E,
Tennessen T et al. Life expectancy after surgical aortic valve replace-
ment. ] Am Coll Cardiol 2021;78:2147-57.

[2] Bjorklund E, Nielsen SJ, Hansson EC, Karlsson M, Wallinder A, Martinsson
A et al. Secondary prevention medications after coronary artery bypass
grafting and long-term survival: a population-based longitudinal study
from the SWEDEHEART registry. Eur Heart ] 2020;41:1653-61.

[3] Lindgren M, Nielsen SJ, Bjorklund E, Pivodic A, Perrotta S, Hansson EC
et al. Beta blockers and long-term outcome after coronary artery bypass
grafting: a nationwide observational study. Eur Heart ) Cardiovasc
Pharmacother 2022;8(5):529-36.

[4] Dahl Aarvik M, Sandven |, Dondo TB, Gale CP, Ruddox V, Munkhaugen
J et al. Effect of oral B-blocker treatment on mortality in contemporary
post-myocardial infarction patients: a systematic review and meta-ana-
lysis. Eur Heart ] Cardiovasc Pharmacother 2018;5:12-20.

[5] Schubert SA, Hawkins RB, Mehaffey JH, Fonner CE, Rich JB, Speir AM
et al Preoperative {-blocker use correlates with worse outcomes in
patients undergoing aortic valve replacement. J Thorac Cardiovasc Surg
2019;158:1589-97.€3.

[6] Beyersdorf F, Vahanian A, Milojevic M, Praz F, Baldus S, Bauersachs ] et al;
ESC/EACTS Scientific Document Group. 2021 ESC/EACTS Guidelines for
the management of valvular heart disease: developed by the Task Force
for the management of valvular heart disease of the European Society of
Cardiology (ESC) and the European Association for Cardio-Thoracic
Surgery (EACTS). Eur J Cardiothorac Surg 2021;60:727-800.

[7]1 Otto CM, Nishimura RA, Bonow RO, Carabello BA, Erwin JP, Gentile F
et al; Writing Committee Members. 2020 ACC/AHA guideline for the
management of patients with valvular heart disease. JAm Coll Cardiol
2021;77:25-197.

[8] Baranowska J, Torngren C, Nielsen SJ, Lindgren M, Bjorklund E, Ravn-
Fischer A et al. Associations between medical therapy after surgical aor-
tic valve replacement for aortic stenosis and long-term mortality: a re-
port from the SWEDEHEART registry. Eur Heart ] Cardiovasc
Pharmacother 2022;8:837-46.

[9] Vikholm P, Ivert T, Nilsson J, Holmgren A, Freter W, Ternstrom L et al.
Validity of the swedish cardiac surgery registry. Interact CardioVasc
Thorac Surg 2018;27:67-74.

[10] Jernberg T, Attebring MF, Hambraeus K, Ivert T, James S, Jeppsson A
et al The Swedish Web-system for enhancement and development of
evidence-based care in heart disease evaluated according to recom-
mended therapies (SWEDEHEART). Heart (British Cardiac Society) 2010;
96:1617-21.

$20Z 1200100 Zz uo Jasn ojselny unjnoyeaxyloxeddney uniny Aq 6Z0S 1 8//S9E8BZ8/t/99/0]01e/s10le/Wwoo dno-oiwspeoe//:sdny wolj pepeojumoq


https://academic.oup.com/ejcts/article-lookup/doi/10.1093/ejcts/ezae365#supplementary-data

1]

n2]

3]

E.C. Hansson et al. / European Journal of Cardio-Thoracic Surgery 9

von Elm E, Altman DG, Egger M, Pocock SJ, Gegtzsche PC,
Vandenbroucke JP; STROBE Initiative. The Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) statement: guide-
lines for reporting observational studies. Lancet (London, England)
2007;370:1453-7.

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman HI
et al; for the CKD-EPI (Chronic Kidney Disease Epidemiology
Collaboration). A new equation to estimate glomerular filtration rate.
Ann Intern Med 2009;150:604-12.

Munkhaugen J, Ruddox V, Halvorsen S, Dammen T, Fagerland MW,
Hernes KH et al. BEtablocker Treatment After acute Myocardial

(14]

[15]

Infarction in revascularized patients without reduced left ventricular
ejection fraction (BETAMI): rationale and design of a prospective,
randomized, open, blinded end point study. Am Heart | 2019;
208:37-46.

Martinsson A, Nielsen S, Bjorklund E, Pivodic A, Malm CJ, Hansson EC
et al. Renin-angiotensin system inhibition and outcome after coronary
artery bypass grafting: a population-based study from the
SWEDEHEART registry. Int ] Cardiol 2021;331:40-5.

Kaewkes D, Ochiai T, Flint N, Patel V, Mahani S, Kim | et al. Optimal
medical therapy following transcatheter aortic valve implantation. Am J
Cardiol 2021;141:62-71.

© The Author(s) 2024. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
journals.permissions@oup.com

European Journal of Cardio-Thoracic Surgery, 2024, 66, 1-9
https://doi.org/10.1093/ejcts/ezae365

Original article

E
20
ZE
g5
=
za
&0
ZIH
S3
<
>

$20Z 1890100 ZZ uo Jasn ojseln) unjnoyeayloxeddney uning Aq 62051 8//S9E8BZa/b/99/0l0nue/s10le/woo dnoolwepeoe//:sdiy woly pepeoju



Terumo Cardiovascular’s Award Winning

EVH Experts From Around The Globe

Series is back. With New Episodes Made Just for You..

Join us as Terumo continues this ongoing educational f A
journey, with new Experts, new subjects, and a dynamic
new format.

New weekly episodes are being posted now;
and you won’t want to miss a single one.

e Transitioning from Open Vessel Harvesting to EVH

e Tackling a Challenging Case; Strategies for Success
e Navigating Your First EVH Case

e (Getting Started on your EVH Journey

e ...and many more

Register now and never miss an episode! 4

' ?E RUMO CARDIOVASCULAR

© 2024 Terumo Cardiovascular Systems Corporation. CV444GB 08.24 SK-1(08.24)

All brand names are trademarks or registered trademarks owned by TERUMO CORPORATION, its affiliates, or unrelated third parties.

Refer to this device’s Instructions For Use (IFU) for full prescribing information, including indications, contraindications, warnings, precautions
and adverse events.



https://info.terumo-europe.com/evh-experts-episode-library

	Active Content List
	BACKGROUND
	METHODS
	RESULTS
	DISCUSSION
	SUPPLEMENTARY MATERIAL
	FUNDING
	DATA AVAILABILITY
	Author contributions
	Reviewer information
	REFERENCES


