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Abstract

Background: Del Nido cardioplegia was recently introduced to adult cardiac surgery with encouraging results. The
effect of Del Nido cardioplegia in patients with low ejection fraction (EF) has not been thoroughly evaluated. The
objective of this study was to assess the safety of Del Nido cardioplegia in adult patients with low EF compared to
intermittent warm blood cardioplegia.

Results: During 2018 and 2019, 73 adult patients with an EF of < 40% underwent cardiac surgery using Del Nido car-
dioplegia. The patients were compared to a historical cohort of consecutive patients with low EF who had intermitted
warm blood cardioplegia (n = 81). Patients who had Del Nido cardioplegia had significantly lower EuroSCORE Il (2.73
(1.7-4.1) vs. 4.5 (24-7 4), P = 0.004). There were no differences in creatinine clearance and preoperative echocardio-
graphic data between the groups. Cardiopulmonary bypass and cross-clamp times were non-significantly lower with
Del Nido cardioplegia. There were no differences in stroke and postoperative echocardiographic data between the
groups. No hospital mortality was reported in both groups. Peak troponin levels were significantly higher in patients
who had Del Nido cardioplegia (0.88 (0.58-1.47) vs. 0.7 (0.44-1.01) ng/dL; P = 0.01), however, after multivariable
regression analysis, cardiopulmonary bypass time was the only predictor of postoperative troponin level (coefficient
0.005 (95% Cl: 0.003-0.008); P < 0.001). ICU stay was significantly longer in patients who had Del Nido cardioplegia (4
(3-6) vs. 2(1-4) days, P < 0.001), while postoperative hospital stay did not differ between the groups. After multivari-

(coefficient — 1.80 (95% Cl —3.06 — -0.55); P=0.01).

able regression, the use of intermittent warm blood cardioplegia was significantly associated with shorter ICU stay

Conclusions: Prolonged ICU was reported with Del Nido cardioplegia; however, there were no differences in the
duration of hospital stay and the clinical outcomes between the groups. Despite the proven efficacy of intermittent
warm blood cardioplegia, the use of Del Nido cardioplegia might be safe in patients with low EF.
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Background

Low ejection fraction (EF) is associated with increased
morbidity and mortality in adult patients undergoing
cardiac surgery [1, 2]. In patients with low ejection frac-
tion, proper myocardial protection is essential to reduce
ischemic-reperfusion injury and preserve myocardial
function [3].
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Del Nido cardioplegia (Compass-Baxter Healthcare
Inc., Edison, NJ, USA) was initially introduced to pedi-
atric cardiac surgery with good outcomes and lower tro-
ponin T levels compared to warm blood cardioplegia
[4, 5]. Del Nido cardioplegia was recently introduced
to adult cardiac surgery with encouraging results [6, 7].
Del Nido cardioplegia can decrease the operative time
because of the single-dose regimen compared to other
cardioplegia solutions.

The effect of Del Nido cardioplegia in patients with
low ejection fraction has not been thoroughly evaluated
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in the literature [8]. It is unknown whether Del Nido
cardioplegia is used for patients with high-risk scores
or low ejection fraction presents a valid option [9]. This
study’s objective was to evaluate the safety of Del Nido
cardioplegia in adult patients with a low ejection fraction
(< 40%) in comparison with intermittent warm blood
cardioplegia.

Methods

Design and patient

We performed a retrospective study on 73 patients with
an ejection fraction < 40% who underwent cardiac sur-
gery using Del Nido cardioplegia from September 2018
to September 2019. Those patients were compared to a
historical cohort of 81 consecutive patients who had sur-
gery prior to September 2018 using intermittent warm
blood cardioplegia. We included patients who underwent
coronary artery bypass grafting (CABG), valve surgery,
or combined CABG and valve surgery.

Technique of Del Nido cardioplegia

Cardioplegia was infused in a dose of 1000 mL at 4 °C
in the aortic root or the coronary arteries if the patients
had severe aortic regurgitation. The intervals between
infusions were 90 min, and further doses of 300-500 mL
were used if necessary.

Data and outcomes

Preoperative data were collected, including patients’
demographics, comorbidities, and laboratory data. Post-
operative complications, length of intensive care, hospital
stay, and mortality were reported. Preoperative echocar-
diographic data included ejection fraction, left ventricu-
lar dimensions, and pulmonary artery systolic pressure.
High-sensitive cardiac troponin T was measured post-
operatively, and the peak troponin value was compared
between the groups.

Ethical consideration

The Institutional Review Board approved the study pro-
tocol and waived the need for patients’ consent (refer-
ence number: R19017).

Statistical analysis

The normality of the continuous variables was tested
using the Shapiro-Wilk test. We presented the normally
distributed continuous data as mean and standard devia-
tion and the non-normally distributed data as median
and (25th—75th percentiles). Normal data were compared
using the Student ¢-test and non-normal data with the
Man-Whitney test. Categorical variables were described
as numbers and percentages and compared with the chi-
square test or Fisher exact test if the expected frequency
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was less than five. Multivariable quantile (median) regres-
sion was used to study the factors affecting the peak tro-
ponin levels and postoperative intensive care unit stay.
Model selection was based on the clinical significance
and the absence of collinearity among the included vari-
ables. Factors included in the EuroSCORE II were not
included as separate variables in the model, and all vari-
ables included had a variance inflation factor of less than
2.5. Stata 16.1 (Stata Corp., College Station, TX, USA)
was used to perform all statistical analyses, and a P-value
< 0.05 was considered statistically significant.

Results

Preoperative and operative data

Patients who had Del Nido cardioplegia were significantly
younger (61 (55-66) vs. 65 (57-72) years, P = 0.002) and
had significantly lower EuroSCORE II (2.73 (1.7-4.1) vs.
4.5 (2.4-7.4), P = 0.004). There were no differences in
creatinine clearance and preoperative echocardiographic
data between the groups. Isolated CABG was more com-
mon in the Del Nido group, and combined valve and
CABG were more common in the warm blood cardiople-
gia group; however, there was no difference in valve sur-
gery between the groups. Cardiopulmonary bypass and
cross-clamp times were non-significantly lower with Del
Nido cardioplegia (Table 1).

Postoperative outcomes

There were no differences in stroke, re-exploration, pul-
monary artery systolic pressure, and ejection fraction
between the groups. No hospital mortality was reported
in both groups (Table 2).

Peak troponin levels were significantly higher in
patients who had Del Nido cardioplegia; however, after
multivariable regression analysis, cardiopulmonary
bypass time was the only predictor of postoperative tro-
ponin level (coefficient 0.005 (95% CI: 0.003- 0.008); P <
0.001) (Table 3).

ICU stay was significantly longer in patients who had
Del Nido cardioplegia, while postoperative hospital stay
did not differ between the groups. After multivariable
regression analysis, the use of intermittent warm blood
cardioplegia was significantly associated with shorter
ICU stay (coefficient —1.80 (95% CI —3.06 — -0.55); P =
0.01) (Table 4).

Discussion

Proper myocardial protection is an essential compo-
nent of successful cardiac surgery. The optimal solution
for myocardial protection is still the subject of ongoing
research. Del Nido cardioplegia showed good results in
pediatric cardiac surgery and was introduced in the last
decade to adult procedures [10]. Del Nido cardioplegia’s
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Table 1 Comparison of the patients’ preoperative and operative characteristics between Del Nido cardioplegia and warm intermittent

blood cardioplegia

Variable Del Nido (n =73) Warm-blood (n = 81) P-value
Age, years 61 (55-66) 65 (57-72) 0.002
Male, n (%) 57 (78.1) 65 (80.3) 0.74
Body mass index, kg/m2 27.7 (23.7-32.7) 27.1(23.3-30.8) 0.27
EuroSCORE II, % 273 (1.7-4.1) 45(24-74) 0.004
Diabetes mellitus, n (%) 39 (534) 56 (75.7) 0.01
Chronic lung disease, n (%) 3(4.1) 3(4.0) >0.99
Mod-severe renal impairment, n (%) 39(534) 45 (55.5)
Dialysis, n (%) 4(5.6) 2(2.5) 042
Previous cardiac surgery, n (%) 4 (5.5) 4(4.9) >0.99
Laboratory data
Creatinine, pmol 96 (72-126) 107.5 (77-129.5) 0.34
Creatinine clearance, mL/min 545 (59-111) 77 (60-95) 0.22
Baseline echocardiography
LV ejection fraction, % 35 (30-40) 35 (30-40) 030
LV EDD, mm 5494+ 6.7 541497 0.60
LV ESD, mm D21+77 436487 0.29
PASP, mmHg 40 (30-47.5) 42.5 (30-60) 0.161
Emergency surgery, n (%) 34.11) 3(3.7) > 0.99
Surgery
CABG only, n (%) 40 (55.6) 24 (29.6) 0.001
CABG + valve surgery, n (%) 16 (22.2) 44 (54.3) <0.001
Valves only, n (%) 17 (23.6) 13(16.1) 0.24
CPB time, min 1319+ 415 1412 £454 0.19
Cross-clamp time, min 96 (71-126) 107.5 (77-129.5) 0.28

EuroSCORE European System for Cardiac Operative Risk Evaluation, LV left ventricle, EDD end-diastolic diameter, ESD end-systolic diameter, PASP pulmonary artery
systolic pressure, CABG coronary artery bypass graft, CPB cardiopulmonary bypass time

Table 2 Comparison of the postoperative outcomes between Del Nido cardioplegia (group 1) and warm intermittent blood

cardioplegia (group 2)

Variable Del Nido (n =73) Warm blood (n = 81) P-value
Postoperative outcomes
Peak troponin T, ng/dL 0.88 (0.58-1.47) 0.7 (044-1.01) 0.01
Stroke, n (%) 2(2.8) 1(1.2) 0.60
Return to OR for bleeding, n (%) 3(4.2) 2(2.5) 067
ICU stay, days 4 (3-6) 2(1-4) <0.001
Hospital stay, days 11 (8-16) 9(7-15) 0.35
Postoperative echocardiography
LV ejection fraction, % 372+£96 354487 0.21
PASP. mmHg 40 (30-45) 30 (30-44) 022

LV left ventricle, PASP pulmonary artery systolic pressure, CABG coronary artery bypass graft, OR operation room, ICU intensive care unit

single-dose administration is a potential benefit, which
could reduce the ischemic time with a potentially positive
effect on the operative outcomes. Despite these potential
advantages, no difference in ischemic and cardiopulmo-
nary bypass times was reported in other reports [11, 12].
This finding is similar to our study; we found that the

ischemic and bypass times were non-significantly lower
in patients who had Del Nido cardioplegia, which can be
attributed to the different surgical procedures and sur-
geons’ experience between the groups. Several studies
compared single- versus multiple-dose cardioplegia, and
they found that the single-dose regimen was associated
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Table 3 Multivariable quantile regression analysis for factors
affecting postoperative troponin T levels

Variable Coefficient (95% confidence  P-value
interval)

EuroSCORE I 0.009 (—0.015—0.032) 0.44

Preoperative LV EDD 0.005 (—0.014-0.024) 0.61

Preoperative LV ESD — 0.0004 (—0.019-0.0189) 0.97

Warm blood cardioplegia —0.18 (= 0.42-0.06) 0.13

CPB 0.005 (0.003—0.008) < 0.001

EuroSCORE European System for Cardiac Operative Risk Evaluation, LV
left ventricle, EDD end-diastolic diameter, ESD end-systolic diameter, CPB
cardiopulmonary bypass

Table 4 Multivariable quantile regression analysis for factors
affecting the postoperative intensive care unit stay

Variables Coef. (95% confidence P-value
interval)

Warm blood cardioplegia —1.80(-3.06 - -0.55) 0.01

EuroSCORE Il 0.08 (—0.05-0.21) 0.21

Preoperative LV EDD —0.04 (—0.14-0.06) 045

Preoperative LV ESD 0.01 (=0.9-0.11) 0.86

CPB 0.01 (—0.01-0.02) 035

EuroSCORE European System for Cardiac Operative Risk Evaluation, LV
left ventricle, EDD end-diastolic diameter, ESD end-systolic diameter, CPB
cardiopulmonary bypass

with shorter ischemic and CPB times with no difference
in cardiac troponin T levels or complications [13, 14].

The application of Del Nido cardioplegia in high-risk
patients has not been extensively evaluated in the litera-
ture. Yerebakan and associates compared Del Nido cardi-
oplegia to blood cardioplegia in high-risk CABG patients
with acute myocardial infarction. Their study included 88
patients. They did not find a difference between the two
groups regarding the need for postoperative inotropic
support; however, cardiopulmonary bypass and ischemic
times were significantly lower in the Del Nido group [8].

The outcome of Del Nido cardioplegia in patients with
low ejection has not been reported separately in the lit-
erature. Marzouk and coworkers evaluated the effect
of Del Nido cardioplegia on the troponin levels in 131
patients compared to patients who received cold blood
cardioplegia [15]. There was no difference in the opera-
tive outcomes and troponin levels between the groups.
Ten patients with low ejection fraction received Del Nido
cardioplegia in Marzouk et al’s study.

Troponin levels were higher in patients who received
Del Nido cardioplegia. After multivariable adjustment,
cardioplegia type was not associated with troponin lev-
els. There are no consistent results about the effect of
Del Nido cardioplegia on the postoperative enzyme lev-
els compared to other cardioplegic solutions. Kim and
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associates found no difference in cardiac enzyme levels
in patients who received Del Nido versus blood cardio-
plegia; however, there was a significantly lower transfu-
sion and fluid requirements in patients who received Del
Nido cardioplegia [12]. Timek and coworkers found no
difference in troponin levels between Del Nido and blood
cardioplegia in patients who had isolated CABG, and the
levels did not differ in patients older than 75 years, with a
left main disease, ejection fraction less than 35%, or STS
score more than 2.5% [16]. Other series found signifi-
cantly lower levels of troponin in patients who received
Del Nido [6, 7].

Despite the growing evidence of Del Nido cardio-
plegia’s use in adult patients, there is a lack of sufficient
clinical trials. Ad and associates performed a randomized
trial comparing Del Nido to whole blood cardioplegia.
They found a higher return to spontaneous rhythm and
lower troponin levels in patients who received Del Nido
cardioplegia [17]. The mean EF of the Del Nido group in
this study was 54.3 &= 11.9%.

Our study found no differences in the clinical outcomes
and 30-day mortality between patients who received Del
Nido versus intermittent warm blood cardioplegia. ICU
stay was significantly longer with Del Nido; however,
postoperative hospital stay did not differ between the
groups. These findings can be partially explained by the
different time eras of the two groups and different sur-
geons. Additionally, the distribution of surgical proce-
dures was different between the groups. The findings of
this study indicate the safety and feasibility of the use of
Del Nido in patients with low ejection fraction, and pro-
spective comparative studies are recommended.

Study limitations

The study’s major limitation is the retrospective design
with its inherent drawbacks. We compared two groups of
patients who had surgery at two different times with dif-
ferent surgeons. Several unmeasured variables could have
affected the outcomes, including the surgeons’ experi-
ence. Additionally, there were variations in the baseline
and operative characteristics between the groups, which
were corrected by the multivariable analysis. Other limi-
tations include the single-center experience. Given that
the control group is a historical cohort, it was not possi-
ble to calculate the statistical power for a non-inferiority
study design.

Conclusions

Prolonged ICU was reported with Del Nido cardioplegia;
however, there were no differences in the duration of hos-
pital stay and the clinical outcomes between the groups.
Despite the proven efficacy of intermittent warm blood
cardioplegia, the use of Del Nido cardioplegia might be
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safe in patients with low EF. A larger randomized clinical
trial is required to compare Del Nido cardioplegia with
other types and confirm our findings.
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