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Enhanced myocardial protection in failing hearts:
comparative outcomes of single-dose Del Nido and
conventional blood cardioplegia in emergency low-ejection
fraction coronary artery bypass grafting (CABG)
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ABSTRACT

Background: Optimal myocardial protection remains challenging in emergency coronary revascularization,
especially in patients with severely reduced left ventricular function. Contemporary cardioplegia strategies
aim to limit ischemia—reperfusion injury and enhance postoperative ventricular recovery. The aim of this
study was to compare operative parameters, early postoperative outcomes, and myocardial functional re-
covery between single-dose Del Nido cardioplegia and conventional blood cardioplegia in adults with left
ventricular ejection fraction (LVEF) <40% undergoing emergency isolated coronary artery bypass grafting
(CABGQG).

Methods: This retrospective study included 150 consecutive patients with left ventricular ejection fraction
(LVEF) <40% who underwent emergency isolated CABG between 2022 and 2024. Patients were assigned to
either the Del Nido group (n=80) or the conventional blood cardioplegia group (n=70). Demographics, op-
erative variables, postoperative complications, ventricular function changes, and short-term mortality were
analysed. Myocardial recovery was assessed using AEF (postoperative minus preoperative LVEF).

Results: The Del Nido group demonstrated significantly shorter aortic cross-clamp and cardiopulmonary
bypass times and required less intraoperative defibrillation. The incidence of postoperative atrial fibrillation
was lower in the Del Nido group (18%) compared with conventional blood cardioplegia (29%). Improve-
ment in ventricular function was greater with Del Nido (AEF +5.842.1%) than with blood cardioplegia
(+3.2+2.4%). Rates of stroke, perioperative myocardial infarction, and early mortality were comparable
between the groups.

Conclusion: Single-dose Del Nido cardioplegia provides effective and safe myocardial protection in emer-
gency low-EF CABG, offering improved operative efficiency and superior early ventricular recovery with-
out increasing perioperative complications.

Keywords: cardiopulmonary bypass, cardioplegic solutions, coronary artery bypass, heart ventricles, myo-
cardial reperfusion injury

INTRODUCTION

Myocardial protection remains a central determinant of out-
comes in coronary artery bypass grafting (CABQG), particularly
in patients with severely reduced left ventricular ejection frac-
tion (LVEF). Despite advances in myocardial preservation and
surgical techniques, patients with low LVEF continue to face in-
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creased perioperative morbidity and mortality due to ischemia—
reperfusion injury and poor ventricular recovery (1,4). The opti-
mal cardioplegia strategy in this high-risk population, especially
in emergency CABG, remains a subject of ongoing debate.
Del Nido (DN) cardioplegia, originally developed for paedi-
atric cardiac surgery, has recently gained wide application in
adults because of its simplicity, single-dose administration,
and prolonged myocardial protection duration (5,6,7). Current
evidence suggests that DN may offer comparable or superior
myocardial protection compared with conventional blood car-
dioplegia (BC), potentially reducing cross-clamp time, post-
operative arrhythmias, and myocardial injury markers (8-9).
However, most available studies are limited to elective proce-
dures, and data in emergency settings or among patients with
severely depressed ventricular function remain scarce (10-12).
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Recent investigations have highlighted that improving myocar-
dial protection in this subgroup could directly influence early
ventricular recovery and postoperative outcomes (13,14). Giv-
en the ongoing evolution of myocardial protection strategies,
evaluating the effectiveness of single-dose DN cardioplegia
in emergency CABG for low LVEF patients is both clinically
and scientifically relevant. Initially developed for paediatric
cardiac surgery, Del Nido (DN) cardioplegia has become in-
creasingly popular in adults due to its single-dose administra-
tion, extended arrest duration (up to 90 minutes), and ability to
mitigate calcium overload. However, most evidence concerns
elective, lower-risk populations, leaving uncertainty about its
safety and efficacy in emergency cases and failing myocardi-
um (15-16). Furthermore, prolonged cross-clamp duration is
independently associated with adverse outcomes, emphasizing
the need for efficient myocardial protection (17).

Patients undergoing emergency coronary artery bypass graft-
ing (CABG) with severely reduced left ventricular ejection
fraction (LVEF) represent one of the highest-risk groups in
contemporary cardiac surgery, with myocardial ischemia—
reperfusion injury and impaired contractile reserve contrib-
uting to significant perioperative morbidity (18). Therefore,
selecting an effective cardioplegia strategy is essential for
optimizing myocardial protection and postoperative recovery
in this vulnerable population. Recent evidence has increas-
ingly focused on optimizing myocardial protection strategies
in high-risk coronary bypass populations. Several contempo-
rary meta-analyses and large cohort studies have demonstrat-
ed that Del Nido cardioplegia provides comparable or superi-
or myocardial protection compared with conventional blood
cardioplegia in adult cardiac surgery, including CABG (19-
21). Del Nido’s extended arrest duration, lower calcium load,
and simplified single-dose administration have been associ-
ated with reduced ischemia—reperfusion injury and improved
early myocardial recovery, particularly in patients with ven-
tricular dysfunction (18,19). Moreover, a comprehensive
2025 narrative review confirmed the safety and expanding
use of Del Nido cardioplegia in adults, including those with
low EF and complex surgical profiles (21). Despite these ad-
vances, most of the current evidence is derived from elective
or mixed surgical cohorts, and the applicability of Del Nido
cardioplegia in urgent settings with severely impaired ven-
tricular function remains uncertain. A notable gap persists in
the literature regarding its effectiveness in emergency CABG
among patients with low LVEF, a subgroup in whom isch-
emic tolerance is significantly reduced and operative risk el-
evated (11).

The aim of this study was to compare intraoperative character-
istics, myocardial recovery, and early postoperative outcomes
between single-dose Del Nido and conventional blood cardio-
plegia in adults undergoing emergency CABG with reduced
LVEF.

MATERIAL AND METHODS

Patients and study design

This retrospective single-centre study included 150 consec-
utive patients who underwent emergency isolated coronary
artery bypass grafting (CABG) at the Trabzon Ahi Evren
Thoracic and Cardiovascular Surgery Training and Research
Hospital (Turkey) between October 2022 and September 2024.
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All patients had preoperative left ventricular ejection fraction
(LVEF) <40% and required urgent surgical revascularization
for acute coronary syndromes (11-13). Patients with previous
cardiac surgery, combined valve or aortic procedures, or in-
complete perioperative data were excluded.

Demographic variables, comorbidities, preoperative LVEF,
intraoperative parameters (cross-clamp time, CPB duration,
number of grafts, defibrillation requirement), and postopera-
tive outcomes (atrial fibrillation, stroke, myocardial infarction,
ICU stay, hospital stay, and 30-day mortality) were collected
from institutional databases. Myocardial recovery was as-
sessed by calculating the change in LVEF (AEF = postopera-
tive — preoperative).

Patients were divided into two groups according to the cardio-
plegia strategy used during surgery: the Del Nido group (DN
group, n=80), who received single-dose Del Nido cardiople-
gia, and the blood cardioplegia group (BC group, n=70), who
received conventional multidose blood cardioplegia.

Written informed consent was obtained from all participants or
their legal representatives prior to surgery.

Ethical approval for the study was obtained from the relevant
ethics committee (approval number: 2022/54).

Methods

Surgical technique and cardioplegia protocol. All procedures
were performed via median sternotomy under moderate hypo-
thermia (32-34 °C) using standard cardiopulmonary bypass
(CPB) with a membrane oxygenator and roller pump (6,7).
Distal anastomoses were completed during aortic cross-clamp-
ing, followed by proximal anastomoses performed under par-
tial clamping. In the Del Nido (DN) group, the cardioplegic
solution was prepared with a 1:4 blood-to-crystalloid ratio us-
ing Plasma-Lyte A as a base, administered as a single 1200 mL
dose at 4 °C. Supplemental doses (200300 mL) were given
only if cross-clamp time exceeded 90 minutes. In the blood
cardioplegia (BC) group, a 4:1 blood-to-crystalloid mixture
was used (2.6) (initial 1000 mL, then 200 mL every 15-20
minutes) at 4-8 °C. Cardioplegia was delivered antegrade
through the aortic root in all cases. Myocardial temperature,
arrest time, and hemodynamic stability were monitored
continuously. Rewarming and weaning from cardiopulmonary
bypass (CPB) were performed under standardized institutional
protocols.

Statistical analysis

Continuous variables were expressed as mean + standard de-
viation and compared using Student’s t-test or Mann—Whitney
U-test, depending on distribution. Categorical variables were
compared using Chi-square or Fisher’s exact test. Two-tailed
p-values <0.05 were considered statistically significant.

RESULTS

A total of 150 patients were included: 80 received DN cardio-
plegia and 70 received BC. Baseline demographic and clini-
cal characteristics were comparable between the two groups,
including age, sex distribution, prevalence of diabetes and
hypertension, chronic kidney disease, and preoperative LVEF
(Table 1).

Intraoperative Outcomes: Del Nido cardioplegia was associ-
ated with shorter aortic cross-clamp duration (81.8+17.3 vs.
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Table 1. Baseline demographic and preoperative clinical
characteristics of patients undergoing isolated CABG receiving
Del Nido versus blood cardioplegia

Del Nido Blood Cardioplegia

Variable (n=80) (n=70) p-value
Age (years) 64.8+9.1 65.3+£8.7 0.72
Male sex (%) 62 (77.5%) 52 (74.2%) 0.64
Hypertension (%) 49 (61.3%) 45 (64.2%) 0.71
Diabetes mellitus (%) 32 (40.0%) 30 (42.8%) 0.75
Chronic kidney disease (%) 12 (15.0%) 10 (14.2%) 0.89
Preoperative LVEF (%) 32.1£52 324+49 0.78

94.2+19.1 minutes) and shorter cardiopulmonary bypass time
(111.9 + 22.8 vs. 128.3 £+ 25.6 minutes). The need for intra-
operative defibrillation was also lower in the Del Nido group
compared with conventional blood cardioplegia (11.3% vs.
27.1%) (Table 2, Figure 1).

Table 2. Intraoperative outcomes of patients undergoing isolated
CABG receiving Del Nido versus blood cardioplegia

Del Nido Blood Cardioplegia

Outcome (n=80) (n=70) p-value
Cross-clamp time (min) 81.8 £ 17.3 94.2 +19.1 0.001
CPB time (min) 111.9+22.8 128.3 +£25.6 0.002
Number of grafts 3.1£09 32+1.0 0.54
Need for defibrillation (%) 9 (11.3%) 19 (27.1%) 0.01

[162 Patients Screened for EIigibiIity]

l

12 Patients Excluded
* 4 Prior cardiac surgery
* 5 Incomplete data
+ 3 Combined valve procedure

[150 Patients Included in Final Ana]ysis]

T~

Del Nido Group Blood Cardioplegia Group
(n=80) (n=70)

Figure 1. Flow diagram of patient selection and group allocation

Patients in the DN group demonstrated higher postoperative
LVEF at discharge (41.0+4.8% vs. 37.8+£5.1%; p=0.012). The
incidence of postoperative AF was significantly lower with
DN (18% vs. 29%; p=0.046). Rates of stroke and perioperative
myocardial infarction were low and did not differ significantly
between the groups. Thirty-day mortality was 3.8% in the DN
group and 5.7% in the BC group (p=0.38). ICU stay was short-
er in the DN group (3.1+1.8 vs. 3.9+2.1 days; p=0.048), while
total hospital stay showed a non-significant trend toward re-
duction (6.84+2.7 vs. 7.4£3.1 days; p=0.09) (Table 3, Figure 2).
Improvement in ventricular function was greater in the Del
Nido group, with AEF calculated as +5.8+2.1% compared with
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+3.242.4% in the blood cardioplegia group. Postoperative atri-
al fibrillation occurred less frequently in the Del Nido cohort
(18% vs. 29%).

Table 3. Postoperative outcomes of patients undergoing isolated
CABG receiving Del Nido versus blood cardioplegia

Del Nido Blood Cardioplegia

Outcome (n=80) (n=70) p-value
AEF (%) +5.8+2.1 +3.2+24 0.009
Atrial fibrillation (%) 14 (18%) 20 (29%) 0.04
Stroke (%) 1(1.3%) 2 (2.8%) 0.52
Perioperative MI (%) 1(1.3%) 2 (2.8%) 0.52
ICU stay (days) 3.1+1.8 39+2.1 0.03
Hospital stay (days) 7.8+3.2 84+3.6 0.18
30-day mortality (%) 3 (3.8%) 4 (5.7%) 0.61
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Figure 2: Comparison of Aortic Cross-Clamp and
Cardiopulmonary Bypass Durations Between Cardioplegia
Strategies

DISCUSSION

This study indicates that Del Nido cardioplegia provides effec-
tive myocardial protection in patients with low LVEF undergo-
ing emergency CABG. Compared with conventional BC, DN
significantly reduced operative times, improved postoperative
ventricular function, and decreased atrial fibrillation without
increasing mortality or neurological events. These findings
align with prior studies supporting DN’s safety and efficacy
in adult cardiac surgery (3-9). The trends further demonstrate
DN’s advantages in myocardial recovery and rhythm stability.
The advantages of DN likely stem from its composition: li-
docaine and magnesium stabilize cellular membranes and re-
duce calcium influx, while mannitol mitigates oxidative injury
(2,4,6). The single-dose approach minimizes interruptions, re-
ducing ischemia—reperfusion injury, which is particularly criti-
cal in compromised myocardium. Reduced postoperative atrial
fibrillation may reflect improved ionic homeostasis. Recent
meta-analyses confirm DN as a superior or equivalent myocar-
dial protection method in high-risk cardiac surgery (1,2,10,14).
The present study demonstrates that single-dose Del Nido
cardioplegia provides safe and effective myocardial protec-
tion in adults undergoing emergency coronary artery bypass
grafting (CABG) with reduced left ventricular ejection fraction
(LVEF). In this high-risk clinical setting, Del Nido was associ-
ated with shorter cross-clamp and cardiopulmonary bypass du-
rations, reduced need for intraoperative defibrillation, and su-



perior early ventricular recovery, as reflected by a significantly
higher AEF compared with conventional blood cardioplegia.
These findings align with contemporary evidence supporting
the increasing use of Del Nido cardioplegia in adult cardiac
surgery (15-17).

Several recent meta-analyses and large cohort studies have
shown that Del Nido offers myocardial protection equivalent
or superior to blood cardioplegia, particularly by prolonging
arrest duration, reducing calcium influx, and enhancing met-
abolic stability during ischemia—reperfusion events (15,16).
Its lower calcium load and lidocaine-enriched composition
have been proposed to mitigate intracellular calcium overload
and arrhythmogenic potential, contributing to improved early
postoperative myocardial function (18,19). The results of our
study, demonstrating greater improvement in postoperative
ejection fraction, support these mechanistic insights.

In high-complexity adult cardiac operations, especially those
involving prolonged ischemic times, Del Nido cardioplegia
has been shown to maintain adequate myocardial protection
while reducing interruptions for repeated dosing (17). Our
findings of shorter cross-clamp and bypass times are consis-
tent with this benefit and may partly explain the improved AEF
and reduced arrhythmia rates observed in the Del Nido group.
Lower incidence in the Del Nido group (AF14 (18%) of post-
operative atrial fibrillation in our cohort similarly agrees with
recent comparative studies reporting enhanced electrophysio-
logical recovery with Del Nido (18-20).

Importantly, the safety profile of Del Nido cardioplegia ob-
served in our study, evidenced by comparable rates of stroke,
perioperative myocardial infarction, and early mortality be-
tween groups, is supported by a 2025 narrative review summa-
rizing extensive adult surgical experience (21). This confirms
that Del Nido cardioplegia does not increase adverse neurolog-
ical or ischemic complications, even in patients with signifi-
cantly compromised ventricular reserve.
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Despite advances in the literature, limited data exist specifical-
ly for emergency CABG patients with low LVEF—a particu-
larly vulnerable subgroup with diminished ischemic tolerance.
Most previously published studies have evaluated elective or
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demonstrating superior early myocardial recovery without in-
creasing perioperative risk.
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our results.

In conclusion, Del Nido cardioplegia offers a simple, efficient,
and reproducible myocardial protection strategy suitable even
in high-risk emergency CABG cases.
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