@ E S C European Heart Journal Open (2025) 5, oeaf014 ORIGINAL ARTICLE

European Society https://doi.org/10.1093/ehjopen/oeaf014 - - -
of Cardhology P g jop Interventional cardiology and cardiac surgery

Baseline characteristics and 1-year outcome by
left ventricular function in the CABG PREFERS

Ulrika Lofstrom 1’2’*, Cecilia Linde 2’3, Maria ). Eriksson*®, Eva Maret*°,
Matthias Corbascio®®, Mattias Ekstrom”’, Patrik Lynga %10 Hakan Wallén’*8,
Bengt Persson'"'>13 Hans Persson’’?, and Camilla Hage ©® *

"Department of Cardiology, Capio St. Gérans Hospital, Sankt Géransplan 1, SE-112 81 Stockholm, Sweden; “Department of Medicine, Cardiology Unit, Karolinska Institutet D1:04, SE-171
76 Stockholm, Sweden; *Department of Cardiology, Karolinska University Hospital, Eugeniavigen 3, SE-171 76 Stockholm, Sweden; “Department of Molecular Medicine and Surgery,
Karolinska Institutet, Eugeniavdgen 3, SE-171 76 Stockholm, Sweden; 5De|:>ar'tment of Clinical Physiology, Karolinska University Hospital, Eugeniavdgen 3, SE-171 76 Stockholm, Sweden;
®Department of Thoracic Surgery, Karolinska University Hospital, Eugeniavigen 3, SE-171 76 Stockholm, Sweden; ’Department of Clinical Sciences, Danderyd Hospital, Karolinska
Institutet, Entrévagen 2, SE-182 88 Stockholm, Sweden; ®Department of Cardiology, Danderyd Hospital, Entrévigen 2, SE-182 88 Stockholm, Sweden; *Department of Clinical Science and
Education, Sédersjukhuset, Sjukhusbacken 10, SE-118 83 Stockholm, Sweden; "°Department of Cardiology, Karolinska Institutet, Sédersjukhuset, Sjukhusbacken 10, SE-118 83 Stockholm,
Sweden; ""Department of Cell and Molecular Biology, Science for Life Laboratory, Uppsala University, Husargatan 3, SE-753 10 Uppsala, Sweden; '?Department of Medical Biochemistry
and Biophysics, Science for Life Laboratory, Karolinska Institutet, Eugeniavigen 3, SE-17 177 Stockholm, Sweden; and "*Science for Life Laboratory, Royal Institute of Technology, BOX
1031, SE-171 21 Stockholm, Sweden

Received 2 September 2024; revised 16 November 2024; accepted 14 February 2025; online publish-ahead-of-print 5 March 2025

Handling Editor: Salvatore De Rosa

Aims The aim of this study is to describe patients undergoing elective coronary artery bypass grafting (CABG) surgery by left ven-
tricular (LV) function at baseline and 1-year follow-up.

Methods In the single-centre CABG PREFERS cohort prospective study, we classified patients planned for elective CABG by LV func-

and results tion assessed by echocardiography and N-terminal pro-B-type natriuretic peptide (NT-proBNP) into three phenotype
groups: preserved ejection fraction (EF; pEF), reduced EF (rEF), and normal, irrespective of signs or symptoms of heart failure
(HF). At baseline and 1-year follow-up, electrocardiogram, echocardiography, cardiac magnetic resonance imaging, labora-
tory tests, and quality of life were assessed. Sixty-one of a total of 136 patients (45%) had systolic and/or diastolic LV dys-
function (25% pEF, 20% rEF, and the rest 55% none: the normal group). Median EF was 59% (pEF), 40% (rEF), and 59%
(normal). Most patients had multivessel coronary artery disease without left main stem stenosis (60%). At 1-year follow-
up, some improvements in echo parameters were seen in pEF and rEF. But in the normal group compared to baseline, there
were deteriorations in the following: E/é: 7.8-8.9, P < 0.001; NT-proBNP 150-182 ng/L, P = 0.015; and estimated glomeru-
lar filtration rate (eGFR) 82.5-78.9 mL/min/1.73 m? P = 0.003. During a median follow-up time of 2.9 years, eight patients
(5.8%) died and eight (5.8%) were hospitalized for HF.

Conclusion In patients undergoing elective CABG, signs of LV dysfunction were common and found in 45%. Patients with normal LV
function showed signs of worsening systolic and diastolic LV function, eGFR, and NT-pro-BNP at 1-year follow-up.
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Graphical Abstract

CABG PREFERS in summary
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*ECHO, cMRI, lab, QoL

*124 patients post CABG
*ECHO, cMRI, lab, QoL

One year

*Median follow up 2.9yrs (IQR 0.5-4.3)
Long term sDeath and hospitalization
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Results at one year by phenotype group
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CABG PREFERS (Coronary Artery Bypass Graft Preserved and Reduced Ejection Fraction Epidemiological Regional Study), ECHO
(echocardiography), cMRI (cardiac magnetic resonance imaging), ecg (electrocardiogram), QoL (quality of life), pEF (preserved ejection
fraction), rEF (reduced ejection fraction), NTproBNP (N-terminal pro brain natriuretic peptide, eGFR (estimated glomerular filtration rate) E
(early diastolic mitral inflow velocity), e’ (early diastolic mitral annular velocity, measured by tissue velocity imaging), LAVI (left atrial

Introduction

Coronary artery bypass grafting (CABG) is an established revasculariza-
tion therapy for ischaemic heart disease." Percutaneous coronary inter-
vention (PCl) is used whenever suitable both in the acute coronary
syndrome and stable settings whereas elective CABG is mostly per-
formed in stable patients, who are deemed unsuitable for PCI.

It has long been known that presence of heart failure (HF) with re-
duced ejection fraction (EF) (HFrEF) predicts short- and long-term
prognosis post CABG and that the presence of HF is an important
part of pre-operative evaluation.” Diastolic LV dysfunction is common
and has also been associated with worse outcome.® Mortality after
CABG is further influenced by comorbidities such as chronic kidney
dysfunction.* Previous studies investigated the effect of CABG on
short-term LV function,® but long-term effects in CABG patients
have not been studied to the same extent and not in elective CABG pa-
tients. The aim of this study was to report imaging data and clinical char-
acteristic of patients scheduled for elective CABG studied before
surgery and at a 1-year follow-up visit and followed long term at a single
centre.

Patients and methods

The CABG PREFERS study (2014-20) was part of the Preserved and
Reduced Ejection Fraction Epidemiological Regional Study in Stockholm
(PREFERS) studies.® The CABG PREFERS was a prospective, observational
single-centre study enrolling patients with stable coronary artery

disease (CAD) undergoing elective CABG evaluating baseline and
1-year clinical data, echocardiography, and cardiac magnetic resonance
imaging (cMRI) together with long-term outcome assessment. Patients
accepted for elective CABG at the Karolinska University Hospital were
invited to participate. Inclusion and exclusion criteria have been de-
scribed elsewhere.® In brief, patients were eligible if they did not re-
quire concomitant valvular surgery or had chronic kidney disease
(CKD) > Stage 4 defined as eGFR < 30 mL/min/1.73 m’. Consecutive
patients were invited by letter followed by telephone call for willingness
to participate. The study was conducted according to the Declaration of
Helsinki and approved by the Regional Ethics Committee in Stockholm,
Sweden (2013/1869-31/1). Oral and written informed consent was
obtained from all study participants.

Study design

Patients were assessed by one of three cardiologists (U.L, H.P., and
C.L) and one study nurse (H.K.) before and 1 year after CABG. The
pre-operative visit was for logistical reasons performed 4-8 weeks be-
fore CABG surgery. Assessments included 12-lead electrocardiogram
(ECG), Doppler echocardiography, late gadolinium enhancement
c¢MRI, and routine laboratory panel including N-terminal pro-B-type
natriuretic peptide (NT-pro-BNP). Quality of life (QoL) was assessed
at the same time intervals with EuroQoL 5 Dimensions (EQ5D) includ-
ing the visual analogue scale (VAS) 0—100 mm for general health and
Minnesota Living with Heart Failure Questionnaire (MLHFQ) for a
HF-specific QoL. Medical history and physical examination were
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documented in electronic health records in a standardized chart used
for HF patients in the Stockholm area. Post CABG, no changes in med-
ical treatment were made by study physicians and patients received
standard clinical care including a visit to referring cardiologist within
4—-6 weeks and follow-up at the cardiac surgery clinic. The CABG sur-
gery was performed by one cardiac surgeon (M.C.) according to the
standard procedure with opening of the pericardial sac.

Doppler echocardiography

Details of the Doppler echocardiography protocol have been previ-
ously described® In brief, transthoracic echocardiography was
performed with the Vivid 9 ultrasound system (Vingmed-General
Electric, Horten, Norway) by two experienced sonographers and
images were digitally stored. Data analysis and calculations according
to recommendations’ were performed on an EchoPAC workstation
(version 203.82, General Electric, Norway) by two physicians experi-
enced in cardiac imaging (M.E. and E.M.). The biplane method of disks
(modified Simpson’s rule) was used for EF and LAVI calculations.®
Global longitudinal strain (GLS) was analysed by speckle-tracking.
Ratio of mitral Doppler E wave velocity to mitral annular é wave vel-
ocity (E/é) was used for assessment of diastolic LV function and max-
imal velocity of tricuspid regurgitation (TR Vmax) as an indicator of
systolic pulmonary arterial pressure. Relative wall thickness (RWT)
was derived by equation RWT = 2 X posterior wall thickness/LV end-
diastolic diameter. Right ventricular end-diastolic diameter (RVEDD)
and tricuspid annular plane excursion (TAPSE) and right atrial (RA)
were assessed. All variables were presented as a mean value of three
cardiac cycles.

Cardiac magnetic resonance imaging

Patients underwent assessment with cMRI at baseline on the same day
as echocardiography prior to and 1 year after surgery. Cardiac magnetic
resonance imaging was performed with a 1.5 T scanner (Magnetom
Aera, Siemens Healthcare, Erlangen, Germany) using a six-element
phased-array body matrix coil. The state-of-the-art standard protocol
included steady-state free precession of the LV in three long-axis
images (four-, three-, and two-chamber views) as well as short-axis
images which were adjusted to cover from base to apex, with identical
positions for all relevant sequences. Late gadolinium enhancement for
detection of myocardial scar was obtained 10 min after intravenous in-
jection of 0.2 mmol/kg body weight gadoteric acid (Dotarem, Gothia
Medical AB, Billdal, Sweden). Patients with claustrophobia or with
eGFR < 30 mL/min did not undergo cMRI.

Definitions

We used ACC/AHA/HFSA criteria on stages on HF based on echocar-
diographic findings and NT-proBNP results which includes Stage B
without current or previous symptoms of HF but with structural echo-
cardiographic changes, signs of elevated filling pressures, and/or ele-
vated NT-proBN P’ Patients were classified into three phenotype
groups: pEF, rEF, and normal, in a stepwise manner using established cri-
teria”® and an established analysis method'®"" without regards to signs
or symptoms of HF. In the pEF group, EF > 45% was required together
with majority of the following criteria: septal é < 7 (cm/s) or lateral é <
10 (cm/s), the mean of septal and lateral é <9 (cm/s), E/é ratio 8 > 15,
TR velocity > 2.8 m/s, LA volume index > 34 mL/mZ, and NT-proBNP
(pg/mL) > 125 pg/mL. If one of the above-mentioned criteria was lack-
ing to meet a majority, at least one of the additional following criteria
was required: LV mass index female > 95 g/m® or male > 115 g/m?,
RWT >0.42, and decrease in E/A at the Valsalva manoeuvre by
>50%. The rEF group was defined by EF < 45% and the normal group de-
fined by EF > 45% and absence of the above criteria for pEF. Atrial fib-
rillation (AF) was defined as prior diagnosis of any type of AF including

paroxysmal, permanent, and persistent as mentioned in medical charts
and/or AF on the enrolment ECG. Anaemia was defined as haemoglo-
bin (Hb) < 130 g/L in men and <120 g/L in women.

Extent of coronary artery disease

Extent of CAD was based on pre-operative coronary angiography.
Patients were categorized into groups according to the Swedish
Coronary Angiography and Angioplasty Registry (SCAAR) registry
[part of The Swedish Web-system for enhancement and development
of evidence-based care in heart disease evaluated according to recom-
mended therapies (SWEDEHEART)]."? The five categories in SCAAR
are as follows: no main stem stenosis together with one, two, or three
vessels and main stem stenosis together with two or three vessel dis-
ease respectively (Table 7).

Outcomes

Peri-operative complications (<30 days post-operatively) were regis-
tered defined according to common practice after open heart surgery
as new-onset AF, venous thrombosis, stroke or transient ischaemic at-
tack, hospitalization for infection, and hospitalization for myocardial in-
farction (MI) or angina pectoris. Long-term outcomes were collected
through medical records. Patients were followed until death or cen-
sored alive at last long-term follow-up 1 August 2020. All-cause and
cardiovascular death, first HF hospitalization, and emergency depart-
ment visit for HF were registered. Establishment of cardiovascular
cause of death was done in agreement by two cardiologists (C.L. and
H.P.).

Statistical methods

Data are presented as median and interquartile range (IQR) and num-
ber and percentages. For comparison testing between groups, Fishers
exact test for categorical and Kruskal-Wallis for continuous variables
were used. For changes over time (baseline to 1-year follow-up) within
groups, Wilcoxon signed rank test for continuous variables and
McNamar’s test for categorical variables were used. Differences be-
tween the three groups are given in the tables and in the text
and are described as P-value overall at baseline and at 1-year
follow-up and A in each group. All analyses were performed by
STATA 15.1, USA.

Results

Of the approximately 700 patients undergoing elective CABG at the
Karolinska University Hospital during 2014-2019, 286 patients re-
ceived an invitation letter with a follow-up telephone call. A total of
137 patients were included, and 136 patients (121 men and 15 women)
with a median age of 69 years completed the baseline pre-operative vis-
it prior to CABG. The median time from enrolment to surgery was 58
days, IQR (27-92). Of the patients, 124/136 completed the 1-year
follow-up visit (Figure 7). All patients had stable CAD with or without
a previous Ml.

Clinical characteristics

Baseline and 1-year follow-up clinical characteristics are presented in
Table 1. Of the 136 patients that completed the baseline visit, 61
(25%) were classified as pEF, 27 (20%) as rEF, and 75 (55%) as the nor-
mal group. None in the pEF group had a history of HF whereas 13 in the
rEF (48%) and 4 (5%) in the normal group had a previous HF diagnosis
(P=0.001 A overall). Multivessel CAD without left main stem stenosis
was present in the majority (60%) of patients and similar between
groups. Nineteen per cent of the patients had a previous Ml and 19%
had undergone revascularization.



U. Lofstrém et al.

panunuo)

100°0> £100 2000 §190 (06 '02) 08 (06 ‘02) 08 (88 '02) 08 TSL0 (08 ‘05) 0 (58 ‘0v) 09 (08°05) 89 (00L—0) 24035 SYA ASOI
34| J0 AUENd
B/u /U /U 0001 0 0 0 0001 ()¢ 0 ()1 ewap20 [etayduag
®/u B/u B/u 000'L 0 0 0 £000 0 0 (C)X sa[e. Aseuowjng
(8 (6T (X34 (€67 (g€ (Tet
LL60 8¥+0 S/80 £€8€°0 ‘8€0) 95T ‘8'€0) 1'8T VY0 €4T 0610 Yy 94T ‘8% L'LT Y€1) 89C (w/3) IINg
100°0> 1520 9110 8LL0 (99 '5S) 09 (92 ‘sS) 59 (99 '29) £§ ¥00'0 (0£ 95) 59 (92 'sS) 69 (29 ‘€9) LS (wdq) yH
1000 S100 08€0 wlo (08 ‘89) 91 (£8'99) €2 »811) 8L 8€L0 #8'04) 6L (06 v1) €8 (88's/) T8 (BHww) daa
(8sL (521 (651 (991
9500 6¥00 1560 1000 (8yL 0TV TEL  9LL) TEL ‘8€1L) 6b1 2000 (6¥L vTL) ObL  “LEL) €41 ‘6€1) TSL (BHww) d4gs
s3uipuly [ea1ulD
(€ 91 (61) s @)y S[9SSOA € + WS Ulely
(1)1 (VAR4 C)4 S[9SSOA T + W3S UIRl
9w (69) 91 (00) €T LWSIS UIBW OU ‘S[9SS3A €
(81) €1 (1K @) v L3]S UTBUW OU ‘S[9SSAA T
£95°0 (et (2N 0 W3)S UIBW OU ‘[9SSIA |
9seas|p Auape AJeuolod)
100'0> (%% (8v) €1 0 4H snoiaaug
v61°0 (et 0 (6) € OGYD SOl
90 (51) 11 (VAR4 *0 8 [Dd snoisid
6490 (VANEA (e )y IIW SnoIAd.d
¥SS0 (984 0 (6) € VIL/0as
££00 (11 (VAR4 @)y avd
¥0L0 (60 T (8h) €1 (81)9 s91eqeIq
oseas|p \Cm:OC\__DQ
Lo (et (10K (€)1 9AIINIISGO DIUOIYD
6100 (€D L1 @9 vl (34" LUONE||LIqY el
0020 (bp) €€ (€9) 6 (90 6 elwaepidiiadAy
0900 (69) Ts (68) T (58) 6T uoisusadAH
\COum_r_ |eSIP3A|
(374 (o'sz (Y7
9200 ‘079) §89 ‘0'59) 0°0L ‘069) 0°€L (steak) a3y
£990 (6) £ (1KY (sVs (soeway) xa5
sojydesowaq
9 ST 43 (s) sz (00 £t (5D ve u
so13s1493de4RYD
adAyouayd adAyousayd adAyouayd Ie4aAo adAyousayd adAyousayd adAjousyd lledaA0 adfjousayd adAyousyd adAyousayd dn-mojjo}
[ewIoN 4344H 43d4H anjeA-4 |[ewION 434 43d anjeA-4 |[ewIoN 434 43d Jed4-| pue aulPseg
sanjeA-4 ‘nd-1g 28ueyd (N4) dn-mojjo} Jeak-aup (19) auieseg

sapsLIddedeY)d judyed dn-Mmojjo} Jeak-| pue suleseg | diqel



Baseline characteristics and 1-year outcome in the CABG PREFERS

panunuoy

0490 0810 99€°0 €v10 (s€) 9¢ (6L) s b sL 6060 (o) vt (0) 8 (sow 3sluoSeiue wnpped
100°0> €010 000} ¥000 ¥ € (90 ¢ (C)R ¥100 0 (1KY (C)X N
1000> €800 90£0 1000> (3 (€9) 6 (ss ¥000 0 (1KY ) v aplwaso.ny
LLE0 000°L 000°L 430 (89 0 (€)1 LLLO )+ 0 (€)1 SPIZEIY3010|YI0IPAH
LSL0 L000> 0810 £8€°0 (L) s W) 1 (8L)9 88€°0 (%% 0 (6) € aqiuinezy
£190 €800 6£L0 9890 (€8) 79 (s8) €T (1) 12 SL00 (08) 09 (96) 9T (91) 9T unels
000°L Y0 £5T0 1240 (1) 95 (99) s1 (59) ¢ [4640) ((ZaR:1} (o) ol 08 quv
LLE0 ¥95°0 §59°0 5050 (S0 6l (o) oL (9D 6 0810 (9L () 1L 08 Jouquyul 3DV
0S00 LLE0 6€L0 $560 (69) Ts (81) 1T 1) sT 7200 (9w (s8) € (VARZ4 J30|q-E19g
1000> L000> 1L000> [4240) s 0 0 LT 0 (s¥) s€ (ool (sow uipuelsduol saje.N
LLE0 000°L 000°L 9000 ¥ € Cra (6) € 7000 (3 (90 ¢ (6) € VO
8700 €10 6£%0 brl0 (89) 1§ (8¥) €1 (29) 1T LELO (€8) 79 (£9) 81 (D) vt Adeuayy 10e1e/dNuy
JusWIea] [BDIP3I|
oned
LSL0 B/u B/u €510 (c20091L  (s'LVer (Ls0oL)ST  T0TO (Gezo st (sLvvre (€990 ¢ auluER.D/UILNG Y-
(58 (08s (osy (o9r (015 (0w
6720 L8T0 7960 L€00 ‘0££) 00k ‘0L Sy ‘08€) 0°6€ 80€°0 ‘09€) 0°0F ‘06£) 0°€ ‘0LE) 0L (lowyjoww) 2} yqH
LOE0 £ST0 €60 $90°0 Ozvor  Crover (9160 L1 8710 eL1r¥L (6180l (180 €L (1/1oww) sapLedAd )
9820 1T€0 95H°0 7100 Lo Greo 1t L1 ¥L LETO Freo0cr Lo OLTIEL (oww) 1aH
0LL0 1980 0T€0 L8€0 Ceevslr  (grepsr  (T'sel 090 (stonel  (er'syelL  (6T41)0T (oww) 1@
(1/1oww)
0£00 €6€°0 9580 1600 @reose ©Ovooee ((0svYeLe  0vS0 Grveee (@r1ege  (Cr'se)8e |0J1s9j0L [€30 |
(09t (os1 (0wt (551
6¥00 1940 $80°0 8100 (0sL'08)0LL  ‘OLL) 08l ‘08) STL 9900 (0sL‘0901LL ‘001 0€L ‘59) S0 (7/8u) 1 uiuodou)
¥950 08%0 7820 €6€°0 (ev ol (90 ¢ (9D 6 9170 (CINE4? (€9) 6 (6D) 0L RNV
6150 B/U B/u €150 (oz'so oL (er'sov1L  (0T'€o) 'L 0780 (czsocr  UTrovL  (ST90)+1 (1/3w) dydsy
(ozzL (sss (ozgL (09
S100 1090 L0S0 10000>  (0££°L0L)T8L  ‘TLE) 959 ‘991) 98¢ 1000>  (TvT ‘€4) 051 ‘LTh) 188 ‘L)) 6T (1/3u) dNgoad-1N
(W g1/
LLE0 9040 §59°0 LOE0 (1) s (6L) s 1 ¢ 1500 (s (09 (81)9 1w) 09 > QYA Y492
(Lo6 (es8 (6€8 (926 (88 (TL6 (wesy
€000 €€70 ¥100 €900 ‘€69) 68L ‘675) 869 ‘815) SEL €260 TU) ST ‘T65) 108 ‘665) Y6l uwWW) QYA Y492
s3uipuly A1ojeloqge
1000> 1500 1L000> 1600 Lotz (9z2) €1 (92'9) 01 9610 (v€ ‘o) 0T (8v“11) TT (e ‘91) 1€ (501-0) O4HTIW
sdi3siiajdedeyd
ad£Ajouayd adAjousayd adLA3ousayd ledaA0 adfjousayd adAjousyd adLyousyd |[eaaA0 adfyjousayd adAjousayd adAyouayd dn-mojjo}
JeWwJOoN 4344H u_mn_n_—._ 9njeA-d JeWJdON 434 n_mn_ onjeA-d JeWwJON 434 u_Wn_ LN@%:F pue auiljoseg
sanjeA-4 ‘n4-1g 28ueyd (N4) dn-mojjoy Jeak-aup (79) auieseg

panupuoy | 3|qel



U. Lofstrém et al.

Normal
phenotype
0.157
0.317

Change BL-FU, P-values
HFrEF
phenotype
0.317
0.317

HFpEF
phenotype
1.000
1.000

P-value
overall
0.557
0.265

Normal
phenotype
16 (21)
5(7)

rEF
phenotype
9 (33)
4 (15)

One-year follow-up (FU)

EF
phenotype
6 (18)

103

P-value

overall
0.076
0.451

Normal
phenotype
12 (16)

6 (8)

Baseline (BL)

rEF
phenotype
10 (37)
3(11)

pEF
phenotype
103)

6 (18)

history of and/or AF at ECG.

Glucose lowering
therapy

Whereof insulin

Baseline and 1-year

follow-up

characteristics
PAD, peripheral artery disease; TIA, transient ischaemic attack; MI, myocardial infarction; PCl, percutaneous coronary intervention; CABG, coronary artery bypass graft; HF, heart failure; SBP, systolic blood pressure; DBP, diastolic blood pressure;

HR, heart rate; b.p.m., beats per minute; MLHFQ, Minnesota Living with Heart Failure Questionnaire; eGFR, estimated glomerular filtration rate; MDRD, modification of diet in renal disease; NT-proBNP, N-terminal pro brain natriuretic peptide;
hsCRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein; HDL, high-density lipoprotein; OAC, oral anticoagulants; ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers; MRA, mineralocorticoid receptor

antagonists.

PAnaemia = Hb < 130 g/L men, <120 g/L women.

Data are n (%) or median (IQR).

Table 1 Continued

*Atrial fibrillation (AF)

Elective CABG (n= 700)

Concomitant valvular surgery, severe
kidney failure, study personnel not
available (n = 400)

Consecutive patients
invited to participate, by
letter and follow up
telephone contact (n = 286)

Declined participation
(n=149)

Included, informed
consent (n=137)

Declined baseline
visit(n=1)

Baseline visit (n=136)

No follow up visit:

® No surgery (n=3)

® Combined CABG and valvular
surgery (exclusion criteria) (n=1)

® Deceased (n=1)

Follow up visit 1 year
(n=124)

Long term follow-up by
electronical charts

ended 1 Aug 2020 for all

Figure 1 Consort diagram.

Hypertension was the most frequent comorbidity overall (77%)
with a trend to be more common in the rEF and pEF groups com-
pared to normal (P=0.060 overall). Diabetes was present in
one-third of patients, most common in rEF (48%). Atrial fibrillation
according to our definitions was found in 52%, more often in the
rEF group vs. pEF and normal (P=0.019 A overall). Median age
was highest in pEF (73.0) and lowest in the normal group (68.5 years;
P =0.026 A overall). Systolic blood pressure was higher (P =0.002)
and heart rate lower (P = 0.04) in pEF compared to rEF and normal
groups. Only patients in the pEF group had rales on physical examin-
ation. Overall, conduction disturbances such as right or left bundle
branch block were rare with left bundle branch block only found in
rEF. As regards NT-proBNP, pEF (249 ng/L) and rEF (881 ng/L)
had higher concentrations than the normal group (150 ng/L). Renal
function was worse in the pEF and rEF groups compared to normal
with greater proportion of patients with eGFR < 60 mL/kg/min.
Beta-blockers were prescribed in 71% of the pEF group compared
to 85% of rEF and 57% of patients in the normal group (P=0.022
A overall). Antiplatelet or OAC and lipid-lowering therapy were
used in most patients.
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At 1-year follow-up visit, systolic blood pressure was higher in the
pEF group (P=0.001 A overall). The NT-proBNP was persistently
higher in the rEF group compared to the other groups (P <0.001 A
overall), while in the normal group, a slight increase in NT-proBNP
from 150 to 182 ng/L (P =0.015) and worsening of eGFR from 82.5
to 78.9 mL/min/1.73 m* (P = 0.003) were noted.

An increment of >25% in NT-proBNP concentration compared to
baseline was found in 41% in pEF, 22% in rEF, and 43% in normal group,
respectively (NS).

Overall, significantly less nitrates were prescribed after 1 year and
more patients received ACEi/ARB compared to baseline (Table 7).
Most patients continued on lipid-lowering therapy.

Echocardiography

Baseline and 1-year follow-up echocardiographic results are presented
in Table 2 and Figure 2. Information about missing data is provided as
Supplementary material online, Table S2. At baseline, median EF for the
pEF, rEF, and normal groups was 59%, 40%, and 59%, respectively.
Global longitudinal strain was —17.0% in the pEF group, —12.0% in
the rEF group, and —18.5% in the normal group. At baseline, LVEDD
was largest in the rEF group (54 mm, P <0.001 A overall), and this
group also had the largest LV mass index (126 g/m?, P < 0.001A over-
all). The E/é ratio was 10.7 in the pEF group, 9.5 in the rEF group, and
7.8 in the normal group. The largest LAVI (41.8 mL/m?) was seen in the
pEF group (P < 0.001 A overall). The lowest TAPSE was seen in the rEF
group (17.2 mm) compared to 21 mm in the other two groups (P <
0.001 A overall).

One year after CABG, EF declined >10% from baseline in eight patients
whereof seven (26%) in the rEF group and one (1%) in the normal group.
Overall, in the rEF group, LV volumes decreased and EF increased signifi-
cantly. The E/é increased from 7.8 to 8.9 (P < 0.001) and LAVI from 31.5
to 33.0 mL/m? (P < 0.001). At least >2 units increase in E/é ratio or in-
crease of E/é ratio to >14 was found in 44% of normal, 37% of rEF,
and 12% of the pEF patients (P < 0.003 A overall).

In the normal group, right ventricular end-diastolic diameter
(RVEDD) increased compared to baseline (35.0 to 37.0 mm, P=
0.013) as did right atrial area (15.0 to 17.0 cm% P = 0.002). Tricuspid
annular plane excursion deteriorated in all groups until the 1-year
follow-up and below normal reference. The E/é ratio decreased
(Figure 2) in the rEF and pEF groups (10.7 to 9.9, P=0.019 and 9.5 to
8.6, P=0.043, respectively). Right atrial area increased in the pEF
(174 to 19.0 cm?, P =0.003).

Cardiac magnetic resonance imaging

Ninety-five patients underwent cMRI at baseline and 76 at the
1-year follow-up (Table 2). At baseline, 61/95 patients (64%) had
signs of smaller ischaemic scarring without diagnosis of an acute
coronary syndrome. Of the 17/20 patients with a baseline history of
MI, 14 patients (82%) had visible smaller ischaemic scarring, 3 pEF
(17%), 2 rEF (12%), and 9 normal (53%) (Table 2). At the 1-year
follow-up cMRI, new smaller ischaemic scarring was noted in five pa-
tients whereof one (4%) in the pEF group and four (9%) in the normal

group.

Quality of life

Overall, QoL improved from baseline to 1-year follow-up in all groups
and by all QOL methods. The Minnesota score at baseline indicated
moderate symptoms in all groups ranging from 31, 22, and 20 in the
pEF, rEF, and normal groups, respectively. It improved significantly in
the pEF and normal groups from baseline to 1-year follow-up (P <
0.001), with borderline significance in the rEF group (P =0.051). In par-
allel, the EQ5D VAS score indicated moderate symptoms at baseline
with significant 1-year improvements.

Table 2 cMRI, ECHO, and ECG

Change BL-FU,

Follow-up 12 m (FU)

Baseline (BL)

rEF Normal

P-values

P-value pEF

Normal

Normal

rEF

pEF

P-value

rEF

PEF

cMRI, ECHO, and

ECG

n=42

n=25

n=>53

n=13

n=29

Cardiac magnetic

resonance imaging

0317 nla 0.046

0.407
0.816

8 (89) 28 (67)
49

16 (64)

0247
T4

17 (59) 11 (85) 33 (62)

Infarction scar (n, %)

0(0)

New infarction scar

at FU (n, %)
Echocardiography

67
45.0, 50.0)
100, 13.0)
8.0, 100)

n=

n=25
54.0 (50.0, 58.0)

n=231
480 (420, 52.0)

n=75
47.0 (44.0, 50.0)

n=27
54.0 (51.0, 59.0)

n=234
46.5 (43.0, 51.0)

0.718
0.208
0.521
0.854
0.583
0.486

0.515 0.569
0.093

0400 0.053
0.337 0.098

0.411
0244 0.788

0405 0.530

<0.001
0.150
0.100
<0.001
<0.001
0.062

141.0, 205.0)
75.0, 103.0)

0.3, 0.4)

_ e T e = =

9.0

173.0
89.0
04

47.0
11.0

120 (11.0, 13.0)
100 (9.0, 10.0)
223.0 (1980, 270.0)
107.0 (97.0, 126.0)
0.4 (0.3, 0.4)

95.0 (83.0, 118.0)

12.0 (11.0, 13.0)
10.0 (9.0, 10.0)
185.0 (154.0, 238.0)
0.4 (0.4, 0.5)

<0.001
0.024
0.001
<0.001
<0.001
0.012

9.0 (8.0, 10.0)
178.0 (143.8, 205.0)
90.0 (74.9, 103.8)

120 (11.0, 13.0)
04 (0.3, 0.4)

2516 (209.7, 295.0)
0.4 (0.3, 0.4)

140 (11.0, 14.0)
100 (9.0, 100)
1258 (107.1, 139.9)

13.0 (11.0, 14.0)

10.0 (9.0, 11.0)
197.5 (166.9, 230.1)
98.8 (85.9, 114.8)

0.4 (0.4, 0.5)

LV mass index (g/m?)
RWT

PW thickness (mm)

IVS thickness (mm)
LV mass (g)

LVEDD (mm)

(2PW/LVDD)

Continued
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Figure 2 Echocardiography parameters tricuspid annular plane ex-
cursion (mm) and diastolic parameter E/é at baseline and 12 months
follow-up. Significance for A tricuspid annular plane excursion P <
0.001 in all groups and for A E/é P=0.019, P=0.043, and P < 0.001
in the preserved ejection fraction, reduced ejection fraction, and nor-
mal group respectively.

Outcomes

Peri-operative outcomes

Peri-operative outcomes included new-onset AF in 17 patients (2, 9,
and 6 patients in the pEF, rEF, and normal group, respectively) and
TIA/stroke in 3 patients (2 in the pEF and 1 in the normal group).
But no venous thromboses and hospitalizations for infection or Ml/an-
gina pectoris were registered.

Long-term outcome

The median long-term follow-up time was 2.9 (IQR 0.5-4.3) years.
Eight patients died (5.8%): one (2.9%) in the pEF, four (15%) in the
rEF, and three (4%) patients in the normal group. There were no car-
diovascular deaths. Eight patients (three in the pEF, four in the rEF, and
one in the normal group) were hospitalized or sought the emergency
department for HF symptoms at least once. Three patients were
both hospitalized and died.

Discussion

In this study, we present a thorough clinical characterization and cardiac
imaging data at baseline and 1-year follow-up as well as long-term out-
come in patients with stable, multivessel CAD undergoing elective
CABG. Irrespective of HF symptoms, three phenotypes rEF, pEF, and
normal cardiac structure and function could be recognized using echo-
cardiography and NT-proBNP. Disturbed systolic and/or diastolic LV
function was common and found in 45% of patients pre-operatively.
We found small deteriorations in TAPSE reflecting right ventricular
function at the 1-year follow-up irrespective of baseline EF. In patients
with normal LV function, there were also signs of increased echocardio-
graphic indices of filling pressures at 1 year. It is reasonable to believe
that they might be attributable to the CABG procedure, and of note,
the magnitude of changes is probably not clinically significant. Overall
mortality at mean 2.9-year follow-up was low in the whole study popu-
lation. Nonetheless, our findings may suggest a need for further long-
term echocardiographic assessment and understand implications for
long-term follow-up of CABG patients.

Patient material

Most CABG interventions are done sub-acutely and in the setting of
acute coronary syndrome. We selected patients with stable multivessel
CAD accepted for elective CABG to enable our research protocol of
extensive echocardiography and cMRI not easily performed in a sub-
acute setting. Our proportion of patients with LV dysfunction is defined
according to ACC/AHA/HFSA criteria on stages on HF® and agrees
with the findings from elective CABG in SWEDEHEART registry.”
Regarding patient characteristics, the pEF phenotype group resembles
patients with HFpEF even though signs and symptoms of HF were rare-
ly present. In general, the rEF group had the most comorbidities such as
diabetes and AF and most often a history of HF.

Although outcome was not the purpose of this paper, we noted low
rates of mortality and HF hospitalizations and emergency visits during
the median follow-up time of 2.9 years, reflecting the stable disease
condition of the included patients. Although relative mortality was high-
est in rEF group, the difference between the groups did not reach stat-
istical significance. Peri-operative complications were also few.

Changes in echocardiographic findings at
baseline compared to 1-year follow-up

Small but significant improvements in EF and LV volumes were seen in
the rEF group at 1-year follow-up. At baseline, LV mass index was in-
creased in the rEF group as was intraventricular septal thickness (IVS)
and LAVI in both rEF and pEF groups. At the 1-year follow-up, LV
mass index decreased numerically in the rEF group together with signifi-
cant decrease in E/¢é in pEF and rEF groups. Overall reflecting a trend
towards improved systolic and diastolic function in both pEF and rEF
groups. These observations agree with previous studies. In a cohort
study of patients LVEF < 35% undergoing CABG, 51% had an improve-
ment in EF after CABG."? In contrast, patients in the normal group had
measures of slight deteriorations such as LAVI and E/é indicative of in-
creased filling pressures after 1 year also accompanied by increase in
NT-proBNP.

In our study, all patients were subject to pericardiotomy as part of
CABG. The right ventricular function assessed as TAPSE decreased
to a similar subnormal level following CABG in all groups. In the normal
group, there were even slight signs of worsening over time in right ven-
tricular function beyond TAPSE, such as increment of RVEDD and RA
area. Tricuspid annular plane excursion is known to deteriorate in con-
junction with surgical opening of the pericardium,"*"® but effects on
long-term global right ventricular function are less well explored.
Steffen et al. described reduction of TAPSE and tricuspid annular systol-
ic velocity including global RV function both longitudinal and transversal
in a small study of patients 1 week after CABG. The authors attributed
their results to the lack of support of pericardial layers to maintain RV
function. In addition, in one short-term (40 day) study of patients
undergoing standard or minimal invasive aortic valve replacement,
both interventions deteriorated TAPSE, but the minimal invasive meth-
od did not result in a decline in right ventricular contractility,'® reflect-
ing the short-term effects of pericardial opening. In a study of 57
patients undergoing CABG, changes in RV shape and function persisted
8-10 months post-operatively,'” which is in line with our findings at
1-year follow-up. It is worth pointing out that opening of pericardium
during surgery alters constrain and pressure relationship, leading to in-
crease in radial diameter, decrease in TAPSE, and more spherical shape
of RV.

In general, long-term follow-up studies with echocardiographic data
and comprehensive clinical evaluation after CABG are limited and sel-
dom exclusively in elective CABG patients with different phenotypes
(pEF, rEF, and normal). The STICH trial randomized patients with is-
chaemic heart disease and rEF to medical therapy or CABG to compare
outcome and LV function recovery. Pre-operatively, RV dysfunction



10

U. Lofstrém et al.

was found in 13.7% and least moderate RV dysfunction in 13.6%.'® In

their 9.8-year follow-up sub-study, pre-operative RV dysfunction was
associated with worse long-term outcome after CABG compared to
patients with baseline normal RV function. Similar worse outcome
was found in those with persistent RV dysfunction and new-onset RV
dysfunction observed in 16.7%. In their study, RV function was mea-
sured at baseline and after 4 months and with another definition of
RV dysfunction than in our study. Additionally, contrary to our study,
STICH only included patients with LVEF < 35% at baseline whereas
most of our patients had normal EF. Nonetheless, these and our results
stress the importance of careful assessment of RV function before and
after CABG.

Our observations also suggest small increments in right ventricular
and LV filling pressures as indicated by LAVI, RA area, and E/é in patients
with initially normal values and over one year. Still, it is not self-evident
that this reflects only pericardial opening since the pericardium may
heal late after surgery. Whatever the reason, our results indicate
some residual potentially adverse effect. The implications of these find-
ings need further studying and longer-term follow-up and in a larger
number of patients to clarify if these slight changes are transient or
progressive.

The prognostic implications of pre-operative systolic and diastolic dys-
function and RV function in CABG have been reported.3'4 Mertus re-
ported that the presence of diastolic dysfunction in 42% of patients
undergoing CABG or aortic valve replacement and that diastolic dys-
function influenced short-term outcome. In a Swedish Registry study,
27 165 of a total of 41906 undergoing CABG had pEF and 10 069
had rEF without HF. Heart failure history was found in an additional
4672. In this study, EF was more important for determining short-term
outcome whereas patients with a history of HF had worse short-term
and long-term outcomes regardless of pre-operative EF.> In another
study, baseline LAVI was predictive of long-term outcome after cardiac
surgery including CABG."? Right ventricular dysfunction is also of prog-
nostic importance associated with a worse prognosis post CABG. In
142 patients with moderate to severe right ventricular dysfunction in
the Surgical Treatment of Ischaemic Heart Failure trial (STICH),
CABG did not provide additional survival benefits beyond medical ther-
apy. In our study, we cannot relate the presence of pEF or rEF or LAVI
(increased in pEF and rEF) or RV function to outcome either short or
long-term in view of our limited number of patients. But the overall
prognosis was favourable in our stable CABG patients.

Finally, although most of our patients with pEF and rEF were in ACC/
AHA/HFSA Stage B, a recent follow-up has shown that the prevalence
of Stage B has increased and that such patients are at high risk for pro-
gression to symptomatic HF.”

In addition, most patients undergoing CABG are not subject to cMRI
as part of the standard clinical care. In our highly selected low risk elect-
ive CABG population, few patients had a history of previous Ml but
cMRI revealed additional signs of scarring three times more often.
Moreover, additional small scars were noted in five patients at the
12-month cMRI. The clinical significance of these, often small, ischaemic
scars is unclear.

Limitations

There are several limitations of the study. In our cohort study, all pa-
tients had stable angina pectoris with multivessel disease without signifi-
cant left main stenosis. We did not include signs and symptoms of HF
for our definitions of the groups since it may be challenging to distin-
guish HF symptoms from those of angina and since signs of HF such
as ankle oedema may be unspecific. Indeed, few patients had a history
of HF, and equally few had signs and clear symptoms of HF at the base-
line evaluation and were in ACC/AHA/HFSA criteria on Stage B.’
Moreover, our definition of pEF with EF > 45% reflects the definitions
used at time of study design.® The modern HF definitions including

HFmrEF did not exist at that the time of study planning. Our group def-
inition of pEF, rEF, and normal was based on established Doppler echo-
cardiographic criteria’® and NT-proBNP. The division into groups was
performed in a structured mannered as previously used by us in the
CHARM preserved sub-study."” We captured 137 (20%) of the ap-
proximately 700 elective CABG patients. The bulk of surgery was for
acute coronary syndrome and performed within a week, and such
patients were not eligible by protocol. Our findings primarily apply
to stable CAD patients undergoing elective CABG but may have im-
plications for other patient populations, which would require fur-
ther validation. The enrolment to the study was temporarily
affected by organizational changes and the move to the new hospital
building.

Conclusion

In patients with stable multivessel CAD undergoing elective CABG, LV
dysfunction classified as rEF or pEF phenotype was found in 45%
pre-operatively and slightly improved in these groups after 1 year.
Right ventricular function parameters deteriorated below normal va-
lues in all patients at the 1-year follow-up irrespective of baseline LV
function. Patients classified as normal phenotype with normal LV func-
tion showed signs of slight worsening of both systolic and diastolic LV
function, eGFR, and NT-proBNP at 1-year follow-up. To clarify if these
slight changes are transient or progressive, further long-term studies
are needed.
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