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ABSTRACT

In most adult cardiac surgery operations, the heart must be completely immobile and isolated from the blood.
Therefore, the heart is stopped in diastole and a still operative site is obtained. Cardiac arrest results in ischemia-
reperfusion injury. For these reasons, myocardial protection and the prevention of damages are required. Various
cardioplegia solutions are used for this purpose. It can be said that cardioplegia is the gold standard method of
myocardial protection in cardiac arrest. Nowadays, "Single-dose cardioplegia" applications are increasingly
used, especially in minimally invasive cardiac surgery and basic coronary bypass procedures due to the
advantages they provide, which include reduction of aortic cross-clamp time, prevention of frequent interruption
of the procedure due to cardioplegia, and reduced postoperative myocardial dysfunction incidence. The two
main solutions used in single dose cardioplegia applications are the Bretschneider solution and the del Nido
extracellular cardioplegia solution. The del Nido cardioplegia solution (ANCS), which was originally developed
for use in pediatric cardiac surgery, has recently increased its use in adult cardiac surgery due to straightforward
application and long-term effectiveness. The del Nido cardioplegia reduces the aortic cross clamp duration,
cardiopulmonary bypass time and required cardioplegia solution volume, and is a safer and superior
cardioplegia solution and technique in terms of myocardial protection with regards to many organs and cardiac-
biochemical parameters.
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n most cardiac surgery operations, the heart must
be completely immobile and isolated from the
blood. Cardiac arrest and reperfusion also bring about
myocardial damage. For these reasons, various pro-
tective and preventive measures have emerged for my-
ocardial protection [1], including cardioplegia and

non-cardioplegic methods, some of which include hy-
pothermia, fibrillatory arrest and ischemic preparation
/ preconditioning. Cardioplegia, otherwise known as
the pharmacological method, is achieved with cardio-
plegic solutions. It is an essential and indispensable
method of myocardial protection in all cardiac surgery
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procedures in which the heart must be stopped [2].

Crystalloid and blood cardioplegia are used for
conventional cardioplegia. Its effectiveness was tried
to be increased by various additives to the solutions
[3, 4]. A good and effective cardioplegia solution must
be able to provide a rapid diastolic arrest to reduce the
use of high energy phosphate compounds (Adenosine
Triphosphate [ATP] and phosphocreatine) in myocar-
dial cells. In addition, it should prevent permanent
damage by reducing reperfusion damage in myocar-
dial protection [5]. There are many cardioplegia solu-
tions and application methods. The purpose is to allow
the safe application of cardiac surgery, ensure that the
patient safely exits from cardiopulmonary bypass and
to prevent any damage and toxic effect to the heart and
all other organs in the postoperative period [6]. Diver-
sity and research in this field have increased because
of the differing contents used in the preparation of car-
dioplegia solutions for myocardial protection for many
years [7, 8]. One of the current and effective cardio-
plegic solutions used in recent years is the del Nido
cardioplegia solution (dNCS).

In this study, we aimed to discuss the use of ANCS
in adult cardiac surgery in light of the current litera-
ture.

History

The scientists who pioneered the development of
cardioplegia are Bretschneider, Spieckman, Kirsch,
and Hoelscher. The concept of stopping the electro-
mechanical activity of the heart came to the fore in the
1950s to reduce ischemia reperfusion injury. At that
time, the cardioplegic agent used was Melrose solution
[9].

The dNCS was first used in Boston Children's
Hospital. This solution, which was originally devel-
oped for use in pediatric and pediatric cardiac surgery
[10, 11] has now become widespread in adult cardiac
surgery. In the early 1990s, researchers at the Univer-
sity of Pittsburgh, Pedro del Nido, Hung Cao-Danh,
K. Eric Sommers, and Akihiko Ohkado, developed a
new cardioplegia solution for myocardial protection
called the NCS in the literature and clinical practice
[12]. The ANCS has been used successfully in adult
cardiac surgery since 2003 [13].

Structure and Metabolism of the Myocardium
The main contractile unit of the myocardium are

myocytes. The basal membrane, located on the inner
and outer layers, connects myocytes to each other and
the external environment. The sarcolemma with my-
ofibril content surrounding the myocytes is located
under the basement membrane. Myofibrils consist of
actin and myosin. These myofilaments ensure the con-
traction and pumping function of the heart. There are
many mitochondria in myocardial cells. Having a
large number of mitochondria is of great importance
for aerobic respiration [14].

The energy required for the contraction of the heart
muscle is obtained from ATP. In cases of ischemia and
hypoxia, the necessary energy is provided by glyco-
gen. When aerobic metabolism cannot provide enough
energy, anaerobic glycolysis takes over. Adenosine
monophosphate and lactate accumulates in anaerobic
metabolism. Energy synthesis is inhibited by the ac-
cumulation of lactate. Under normal conditions with
energy deficit, the phosphofructokinase enzyme is ac-
tive, however, in ischemic conditions it is not acti-
vated, and glucose production does not occur.
Consequently, cell destruction and hypoxia are ob-
served [15, 16].

Myocardial Protection

Preservation of the myocardium is the most fun-
damental point of cardiac surgery. Myocardial protec-
tion is important both during and after the operation
in terms of preserving hemodynamic conditions and
preventing morbidity and mortality. Myocardial pro-
tection is provided by mechanical and pharmacologi-
cal methods. Since the myocardium is subject to
prolonged ischemia in cardiac surgery, special atten-
tion should be paid to the protection of myocardium
and endothelium. Cardioplegic solutions are used to
prevent myocardial dysfunction due to ischemia dur-
ing and after cardiac surgery. Choosing the appropriate
cardioplegia solution is particularly important to pre-
vent ischemia-reperfusion injury and related adverse
events [17].

Cardioplegia

Cardioplegia is a current and important myocardial
protection method. It is the gold standard of myocar-
dial protection in cardiac arrest. Cardioplegic solutions
are hyperkalemic, which creates a depolarized positive
resting state that brings about arrest. Cardioplegic ar-
rest reduces myocardial oxygen and energy consump-
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tion. Cardioplegia solution stops the heart rapidly in
diastole and consequently reduces the energy con-
sumption of myocardial cells and ischemia-reperfu-
sion damage [18].

The mechanisms required for a cardioplegic solu-
tion to provide effective protection are as follows [19]:

1. Arrest: To reduce energy consumption and re-
lieve myocardium, diastolic arrest should be fast and
effective.

2. Protection: To protect the myocardium, is-
chemia-reperfusion damage must be minimized, and
irreversible damage, prevented.

3. Reversibility: The functions of the heart should
be able to restart quickly, easily, and effectively.

4. Minimum toxicity: It should have minimal
toxic effect on the heart and all other organs postop-
eratively.

Del Nido Cardioplegia Solution (ANCS)

Many cardiac surgeries can be performed easily
under cardiac arrest with cardioplegia. Although the
dNCS has been used in pediatric surgery centers for
many years, it has recently been used in adult cardiac
surgery as well. The straightforward application of del
Nido cardioplegia solution and its long-term effective-
ness have increased its use in adult cardiac surgery
[20]. In addition, it has been shown to provide 9,300
dollars of cost advantage in 100 cases [21].

Adult ANCS is an extracellular solution mixed
with autologous blood obtained from the extracorpo-
real circuit. The crystalloid to blood ratio is 4:1. The
dNCS protocol for adult patients is 20 ml/kg with a
maximum dose of 1000 mL for patients weighing 50
kg or more. It provides effective myocardial protection
for around 90 minutes. If the aortic cross clamp time
is expected to be less than 30 minutes, a half dose of
the ANCS is used to arrest the heart. After 90 minutes
of aortic cross clamping, it should be decided how
much dNCS will be given again depending on the du-
ration of the surgical procedure to be performed. The
application pressure of cardioplegia should be at the
level of 100-200 mmHg. The dNCS is given as cold
cardioplegia at 4°C. It can be administered antegradely
or retrogradely. Additional doses of the ANCS may be
given in patients with aortic insufficiency, hyper-
trophic hearts, coronary disease and in cases where the
effectiveness of the given dose is insufficient [20].

In the preparation of the crystalloid component of

the ANCS, Plasma-Lyte A, mannitol, magnesium sul-
fate, bicarbonate, potassium, and lidocaine are used
(Table 1). The pH of the solution is 7.4. A modified
1000 mL dNCS comprises 200 ml blood (4:1) in a bal-
anced solution containing 26 mEq/L potassium chlo-
ride, 6.5 mL 2% lidocaine, 17 mL 20% mannitol, 14
mL 15% magnesium sulfate, and 13 mEq/L sodium
bicarbonate (Table 2) [13].

Plasma Lyte A: It is a basic solution with a pH
value of 7.4 containing 140 mmol/L sodium, 5 mEq/L
potassium, 3 mEq/L magnesium, 98 mEq/L chloride,
27 mEq/L acetate, and 23 mEq/L gluconate:

1. Mannitol: Balances osmotic pressure and acts
as a free radical scavenger.

2. Magnesium sulfate: It is a natural calcium
channel blocker and provides myocardial healing.

3. Sodium bicarbonate: Used as a buffer to re-

Table 1. Original del Nido cardioplegia solution
content

Content Volume
Plasma-Lyte A 1000 mL
Mannitol 20% 16.3 mL
MgSOs 50% 4 mL
NaHCO; 8.4% 13 mL

KCL 2 mEg/mL 13 ml
Lidocaine 1% 13 mL

Patient blood 200 ml (20% of del Nido

cardioplegia solution)

Table 2. Modified del Nido -cardioplegia
solution content

Content Volume
Balanced electrolyte 1000 mL
solution

Mannitol 20% 17 mL

MgSO4 15% 14 mL
NaHCO;3 8.4% 13 mL

KCL 1 mEg/mL 26 mL
Lidocaine 2% 6.5 mL

Patient blood 200 ml (20% of del Nido

cardioplegia solution)
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move excess hydrogen ions and maintain intracellular
pH.

4. Potassium chloride: Induces myocardial depo-
larization

5. Lidocaine: Used as a sodium channel blocker
and hyperpolarizing agent. Provides sufficient concen-
tration to continuously affect myocardium

6. Patient blood: 20% of Del Nido cardioplegia
is the patient's fully oxygenated blood. Protects aero-
bic metabolism and provides buffering to ensure
anaerobic glycolysis.

Kantathut ez al. [22] investigated the use of lactate
Ringer’s instead of plasma Lyte A, which is the basic
solution for the ANCS. They stated that plasma Lyte A
is not found in many countries, which prevents the use
of the ANCS. In their study, they used lactat Ringer's
solution instead of plasma Lyte A and aimed to evalu-
ate its effect on myocardial protection and clinical re-
sults. They reported comparable results with dNCS
with plasma Lyte A and stated that cardiac surgery
centers which could not obtain plasma-Lyte could use
lactate Ringer's as an alternative [22]. Many cardiac
surgery centers now use a balanced solution instead of
plasma Lyte A in modified dNCS.

Advantages and Disadvantages of del Nido Cardio-
plegia Solution
Advantages

Many studies involving cardiac surgeries per-
formed with ANCS report that it is a safer and superior
cardioplegia solution and technique in terms of aortic
cross clamp duration, cardiopulmonary bypass time,
required cardioplegia solution volume and cardiac and
many organ and biochemical parameters [23- 25]. In
a meta-analysis including 5516 patients from 10 ran-
domized controlled studies, including a larger patient
and study series, and 13 cohort studies with propen-
sity-score match analysis, authors revealed that ANCS
shortened operation times compared to multidose car-
dioplegia, while decreasing reperfusion-related fibril-
lation rates, and postoperative cardiac enzyme levels
[26]. Subsequently, in a study, microembolism was
scanned by monitoring with transcranial Doppler ul-
trasonography and middle cerebral artery control at
the time of cardioplegia and crossclamping. This
study revealed that the single dose dANCS strategy led
to less cerebral microembolism compared to conven-
tional multi-dose cardioplegia [27].

In a systematic review and meta-analysis including
one randomized controlled trial, 7 revised observa-
tional studies, and 5 uncorrected observational studies
conducted between 1996 and 2017; the authors found
no difference between the groups in terms of in-hos-
pital mortality [28]. Aortic crossclamp time, CPB
times, cardioplegia volume and postoperative troponin
levels were lower in the ANCS group. Based on these
results, the authors concluded that ANCS could be a
safe alternative to blood cardioplegia and potentially
provide better myocardial protection [28].

Disadvantages

There are also some concerns related to the dNCS.
One of the major problem is that the dNCS solution
has about 300 variations of the formula with the same
name but with different chemical combinations. In
coronary artery disease, a uniform distribution is not
guaranteed owing to the presence of diffuse vessel dis-
ease and impaired microcirculation. Residual potas-
sium due to the high potassium content of ANCS may
cause coronary vasoconstriction and consequently
complicate myocardial ischemia [29]. Also the ANCS
has a low nutrient content of 21 kcal/L. An energy-de-
pleted myocardium will be affected by low energy lev-
els [30]. And, infusing multiple doses of ANCS may
lead to increased myocardial concentration of lido-
caine, resulting in lidocaine toxicity, which is associ-
ated with peripheral vasodilation, negative inotropy,
ventricular arrhythmias, and seizure [31].

Storage of del Nido Cardioplegia Solution

In clinics where ANCS is used, it is prepared in the
hospital just before surgery. After obtaining informa-
tion about the efficiency and reliability of the studies,
studies were carried out on the storage conditions.
Lackner et al. [32] investigated the storage of lido-
caine in glass and polyvinyl chloride (PVC) containers
in solutions containing potassium chloride, sodium bi-
carbonate, dextrose, and sodium chloride. Lidocaine
concentrations were significantly reduced in PVC
bags stored at 22°C and underfilled PVC bags stored
at 4°C. The authors concluded that the lidocaine struc-
ture remained stable when the solutions were stored
in glass containers or large-volume PVC containers in
the refrigerator [32]. Pereira et al. [33] reported that
the lidocaine concentrations in ANCS solutions stored
in ethylene-vinyl acetate (EVA) bags for 30 days at
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4°C remained 95.8% but decreased to 67% within 30
days at 35°C and 50% was lost within 30 days at 70°C.
The authors stated that ANCS was stable for at least
30 days under 4°C cooling in EVA bags [33].

Kiizek et al. [34] conducted an up-to-date study,
in which possible chemical changes in the content of
cardioplegia solution according to the content of the
storage material and the elapsed time were investi-
gated. Six different ANCS were prepared based on the
content of magnesium ions and sodium bicarbonate,
which were kept in EVA bags or glass storage contain-
ers. All these variants were evaluated for stability
while stored at 4°C, 22°C and 50°C. The concentra-
tions of the components were monitored using high
pressure liquid chromatography and capillary elec-
trophoresis, and it was found that ANCS remained sta-
ble for 8 weeks at 4°C, and replacement of magnesium
chloride with magnesium sulfate and/or presence of
sodium bicarbonate had no effect on stability. It has
also been shown that if the INCS was not cooled or
kept at a high temperature, the concentration of lido-
caine in the solution stored in EVA bags may change
significantly with the adsorption of lidocaine to the in-
fusion bag material (within 25 days, the lidocaine con-
centration dropped to half of its original value).
Therefore, the authors concluded that ANCS stored in
EVA bags should be kept at 4°C to prevent changes in
its pharmacological effect [34].

CONCLUSION

In adult cardiac surgery operations, the dNCS is
more advantageous than other cardioplegia solutions
in many ways. Many studies report that ANCS reduces
aortic cross-clamp duration, cardiopulmonary bypass
time and required cardioplegia solution volume, is a
safer and satisfactory cardioplegia solution in terms of
myocardial protection, many organs, and cardiac-bio-
chemical parameters. The del Nido cardioplegia can
be used as a safe and effective solution in adult cardiac
surgery.
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