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and mortality worldwide, resulting in an increasing demand for effective
myocardial protection strategies during cardiac surgery. Cardioplegia plays a
crucial role in minimizing ischemia-reperfusion injury during cardiopulmonary
bypass. Del Nido cardioplegia, originally developed for pediatric cardiac surgery,
has gained increasing acceptance in adult cardiac procedures because of its
prolonged myocardial protective effects. This study aimed to compare the
effectiveness of Del Nido cardioplegia with conventional cardioplegia in adult
patients undergoing coronary artery bypass grafting and valvular heart surgery.
Methodology: A retrospective comparative study was conducted at a tertiary
cardiac care hospital. A total of 136 adult patients were included, comprising 68
patients who received Del Nido cardioplegia and 68 patients who received
conventional cardioplegia. Demographic characteristics, intraoperative variables,
postoperative biochemical markers, intensive care unit stay, inotropic support
requirements, postoperative blood loss, major complications, and renal and
hepatic biochemical parameters were obtained from hospital medical records.
Statistical analysis was performed using SPSS version 26.0, with a pwalue of
<0.05 considered statistically significant.

Results: Patients receiving Del Nido cardioplegia demonstrated significantly
shorter aortic crossclamp time (69 wvs. 74 minutes; p = 0.041) and
cardiopulmonary bypass duration (121 vs. 129 minutes; p = 0.032) compared
with the conventional cardioplegia group. Del Nido cardioplegia was associated
with a significantly shorter ICU stay (5 vs. 6 days; p = 0.002), lower
postoperative Troponin-T (228 vs. 392 ng/L; p < 0.001) and CK-MB (15 vs.
24 U/L; p < 0.001) levels, reduced inotropic support, decreased postoperative
blood loss, fewer major postoperative complications, and improved postoperative
renal and hepatic biochemical profiles.

Conclusion: Del Nido cardioplegia demonstrated superior myocardial
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protection and improved early postoperative outcomes compared with
conventional cardioplegia in adult patients undergoing CABG and valvular heart

surgery. Its use was associated with improved operative efficiency, reduced

myocardial injury, enhanced postoperative recovery, and lower complication rates.
These findings support Del Nido cardioplegia as a safe and effective myocardial
protection strategy in adult cardiac surgery. Further largescale prospective

multicenter studies are recommended to validate these findings and evaluate long-

term clinical outcomes.

INTRODUCTION

Cardiovascular diseases (CVDs) are the main
cause of morbidity and mortality and remain a
significant burden to the health care systems
around the world[1]. The World Health
Organization (WHO) estimates that about 17.9
million people worldwide die each year from
cardiovascular diseases, making up almost 32% of
all deaths [2]. Cardiac surgeries like coronary
artery bypass grafting (CABG) surgeries and
valvular heart surgeries have been found to be
indispensable interventions to improve survival
and quality of life in patients with advanced
cardiac disorders [3]. Although huge progress has
been made in the area of surgery, anesthesia and
postoperative critical care, myocardial protection
during cardiac surgery is one of the most
important factors relating to the postoperative
recovery and survival[4].

In cardiac surgery during cardiopulmonary bypass
(CPB), the heart is deliberately stopped to allow
for a "bloodless" surgical field as well as precise
surgical maneuver during surgery[5]. But at this
time, stopping coronary supply puts myocardium
at risk of ischemic injury and lead to postoperative
complications such as arrhythmias, myocardial
infarction, low cardiac output syndrome
(LCOTS), prolonged intensive care unit (ICU)
stay and increased mortality[6]. Thus, providing
sufficient ~ myocardial ~ protection using
cardioplegia solutions becomes very important in
reducing the ischemic damage and maintaining
cardiac function during surgery[7].

Cardioplegia is the delivery of special solutions to
arrest the heart briefly in order to avoid the
ischemic/reperfusion damage to the myocardial
tissue[8]. The standard myocardial protection
techniques comprise of conventional cardioplegia

(CC) solutions (blood based or crystalloid

including St. Thomas’ solution) which have been
used in adult cardiac surgery for decades. While
these traditional techniques are successful, they
can involve repeated application of these drugs
during surgery to maintain myocardial arrest and
protection, which can produce a longer operative
time and potential for electrolyte imbalance and
myocardial edema[l0]. Further, the need to
repeatedly interrupt the operation to prepare the
patient for cardioplegia can reduce the efficiency
of the operation and cause an increase in
myocardial strain when the procedure is
lengthy[11].

To overcome these limitations, Del Nido
cardioplegia was developed for use initially for the
pediatric cardiac surgery and has become a more
recent focus for adult cardiac surgery[12]. Del
Nido cardioplegia is a single dose cardioplegia
containing K, Lidocaine, Mg and Mannitol which
is utilized for longer, more prolonged ischemic
periods[13]. Through its formulation it helps to
maintain ionic balance in the cells, reduce excess
calcium in the cells, minimize oxidants, and
improve the preservation of the heart during
CPB[14]. Del Nido cardioplegia has the benefit of
causing prolonged cardiac arrest and allowing only
one dose of administration of up to 60 - 90
minutes without the need to re-administered
throughout surgery.

There are several studies where the efficacy of Del
Nido cardioplegia have been examined in adult
patients undergoing CABG and valvular heart
surgery[16]. Using existing evidence, Del Nido
cardioplegia appears to help decrease myocardial
markers of postoperative myocardial injury,
including troponin-T and CK-MB; reduce the
need for inotropic support; decrease the length of
the ICU stay; and improve overall postoperative
recovery[17]. In addition, often needed
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interruptions during surgery can be reduced,
which can help optimize surgical procedures and
shorten surgical times. Nevertheless, there are
contrasting reports in the literature about its
superiority over conventional cardioplegia in adult
cardiac surgery[19]. Some studies have, however,
reported better postoperative results with Del
Nido cardioplegia, and others have found no
statistical differences between the two techniques
regarding the operability time, complications or
deaths[20].

With the rise of cardiovascular diseases and rising
numbers of cardiac surgeries for adults around the
world, new myocardial protection techniques are
needed to maximize surgical success and minimize
complications[21]. Good myocardial preservation
will not only advocate for the lifesaving of patients,
but also to minimize dependency on ICUs,
minimize hospital stay, and decrease health care
cost parameters related with prolonged post-
operative intensive care management[22]. In
countries like Pakistan, with scarce medical
resources and a rising demand for cardiac surgery,
the importance of finding an efficient and safe
technique of cardioplegia could be amplified for
better healthcare and less burden on healthcare
facilities[23].

Significant peri-operative and post-peri-operative
parameters such as cross clamp time,
cardiopulmonary bypass time, biomarkers of
myocardial injury, ICU length of stay,
postoperative complications, arrhythmia, and
death are assessed. Intraoperative  and
postoperative parameters such as postoperative
complications, arrhythmias, mortality, myocardial
injury biomarkers, cross-clamp time, and
cardiopulmonary bypass time are assessed.
Evaluation of these clinical parameters will
contribute to the question whether Del Nido
cardioplegia is superior in myocardial protection
and postoperative recovery than traditional
methods.

The significance of this study is to find a practical
application of the same in the process of evidence
based clinical decision making in cardiac surgery
in adult patients. Comparative studies of fruits
and local data evaluating the effectiveness of Del
Nido cardioplegia in various patient groups and

diverse clinical settings is needed as Del Nido
cardioplegia is becoming more popular in the
adult population. Results of this study might help
cardiac surgeons, cardiac perfusionists and
practitioners to decide which cardioplegia
technique is most suitable for adult cardiac
surgeries. In addition, the superior results that can
be obtained with Del Nido cardioplegia might
encourage use of this technique in adult cardiac
surgery up front, thereby improving postoperative
recovery and reducing morbidity rates[26].

There have been several international studies on
Del Nido cardioplegia, but there is very little local
research done comparing its effectiveness against
the conventional cardioplegia in adult subjects
with CABG and valvular surgeries. Improvements
in patient selection, surgical techniques, and
medical infrastructure could affect patient
outcomes, so it is important to apply these
techniques in the local medical setting. Hence, the
purpose of this study was to fill this gap and offer
more data on the safety, efficacy and applicability
of Del Nido cardioplegia in adult cardiac surgery.
The study aims to provide valuable insights into
optimizing myocardial protection strategies and
improving patient outcomes in cardiac surgery, by
comparing postoperative outcomes across the two
cardioplegia types.

1.1: RATIONALE

Although there have been great improvements in
cardiac surgical techniques and management of
the perioperative patient, myocardial protection is
a continuing challenge in cardiac surgery.
Traditional cardioplegia has been the accepted
method of myocardial protection, but it also
involves the use of a multitude of doses and can
contribute to increased surgical interruption time,
myocardial damage, and late post-operative
recovery. Recently, Del Nido cardioplegia has been
suggested as an alternative, which may have
beneficial effects such as; myocardial protection
time, less myocardial injury, less time in the
intensive care unit, and less requirement for
inotropic support. While the effectiveness of Del
Nido for adult cardiac surgery has been
investigated in a few studies internationally, the
findings have been varied and there is a paucity of
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local data comparing Del Nido with conventional
cardioplegia for adult surgery involving coronary
artery bypass grafting (CABG) and valvular heart
surgery. Thus, this study was designed to assess
and compare the postoperative results of these two
different cardioplegia techniques with the aim of
establishing a safer and more effective protective
method for the heart for adult patients undergoing
cardiac surgery.

2. LITERATURE REVIEW

CVDs manifest as the leading cause of death and
disease worldwide and millions of people suffer
from them yearly. As therapy becomes increasingly
demanded, so becomes myocardial protection in
cardiac surgery.[27] One of the most widely used
approaches for cardiac protection during surgery
is transient cardiac arrest (transient cardiac arrest
by cardioplegia), which has been shown to reduce
myocardial oxygen consumption and the
occurrence of ischemic injury. Many formulations
of cardioplegia have been suggested over the years,
the most traditional cardioplegic solutions being
crystalloid (e.g., St. Thomas' solution) and blood-
based solutions.[28] Such solutions have remained
the gold standard for many years as they only need
to be administered multiple times to protect
myocardium  during  surgery. However,
advancements in  developing  cardioplegic
solutions, such as the wuse of Del Nido
cardioplegia, have led to new thinking about how
to further enhance myocardial cytoprotecting and
possibly enhance patient outcomes in cardiac
surgery.[29]

Cardioplegia, or myocardial protection, began to
be introduced several decades ago, a first being the
blood-based cardioplegia solutions. These fluid
therapies, consisting of primarily blood and
electrolytes, were developed to decrease
myocardial oxygen use and provide myocardial
protection under conditions of ischemia. Blood-
based cardioplegia solutions have a number of
advantages, but are also associated with specific
problems, including the requirement of a multiple
injection during administration, electrolyte
disorders.[30] etc. This sparked an interest into
looking at adjunct options that may be able to
offer long-term protection of the myocardium with

less need for intervention. One such invention was
crystalloid cardioplegia, which provided similar
advantages to blood-based therapies, but unlike
blood-based therapies did not require blood, with
the accompanying risks.

St. Thomas' solution is the most popular
crystalloid cardioplegia, and the standard of care
in most cardiac surgeries. Developed in the 1970s,
the solution contains potassium, magnesium and
others to produce cardiac arrest. Although St.
Thomas solution has been able to shorten
ischemic time and protect the myocardium before
and after surgery; multiple doses are required
during  surgery to  ensure  myocardial
protection.[31] More recent revolutions of Del
Nido cardioplegia were the provision of
cardioplegia solutions downstream as single doses.
The crystalloid solution used was Del Nido
"cardioplegia" and this has proved to be effective
in cardiac surgery for adults as well. With the
combination of potassium, lidocaine, magnesium
and mannitol in a single dose administration,
continuous cardiac protection is adhered for
longer procedures, reducing the need for re-
dosing, and to increase surgery efficiency.[32]
They are the first studies to evaluate Del Nido
cardioplegia for children, where it was initially
developed. According to the currently available
evidence (up to 10/2023) during congenital heart
operations Del Nido cardioplegia adequately
protects the myocardium with significant
advantages of reducing the volume of ischemic
injury, and increasing surgeon time, reducing
surgical times, thus leading to improved recovery
outcomes. Research by Misra et al. (2021) has
endorsed the use of Del Nido cardioplegia due to
achieving lower parameters of myocardial
infarction (Troponin and CK-MB) as compared to
the conventional blood-based cardioplegia
formulation used in pediatric population.[33]
Also, some improvements in the intensive care
unit (ICU) length of stay have been found in
patients receiving Del Nido cardioplegia, along
with fewer arrhythmia events, indicating that this
type of cardioplegia may be beneficial.

The following successful application of Del Nido
cardioplegia in the surgical field in pediatrics has
led to increased research interest by numerous
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authors of possibly using this type of cardioplegia
in surgical venues in the adult population,
specifically in coronary artery bypass grafting
(CABG) and valvular heart surgery.[34] A unique
characteristic of Del Nido is the ability to provide
long-lasting myocardial protection with a single
bolus of cardioplegic solution,1 a fact which
speaks well to its use in the adult population as
CPB times can be increased and the risk of
ischemic myocardial injury can rise. In the last few
years several studies concerning the use of Del
Nido cardioplegia in adult CABG and valvular
heart surgery patients have been published with
varying results. Although some studies have
reported  improved  outcomes  following
myocardial injury and less postoperative sequelae
and less time spent in the intensive care unit (ICU)
and overall, compared with standard cardioplegia,
some studies failed to reveal any statistically
meaningful difference between Del Nido and the
use of standard cardioplegia.[35]

A landmark study of Del Nido vs conventional
cardioplegia was performed by 'Edelman et al.
(2017) in adult patients undergoing CABG and
valvular heart procedures' [36]. The Del Nido
cardioplegia was shown to be an effective
alternative, in comparison to the conventional
methods, with respect to achievement of adequate
myocardial protection (troponin level) and also
shorter ICU stay within Del Nido group.
Similarly, Kim et al. (2018) have performed a meta-
analysis of the trials of Del Nido cardioplegia
against that of standard cardioplegia in adult
cardiac surgeries[37]. The Del Nido cardioplegic
solution was also linked with decreased
postoperative  concentrations of myocardial
necrosis markers (troponin and CK-MB) and
decreased need for inotropic support.

But others have not come up with as promising
results. A study was done by Johnson et al., (2018)
and they found that both Del Nido cardioplegia
and the traditional cardioplegia caused no
differences in markers of myocardial injury (CK-
MB and troponin). Lee et al., Wu et al27 queried
contingents that underwent valve surgery.
Operating room or ICU length of stay or
complications were not different between the
groups (as reported by 2019).[38] This

countervailing data would indicate that some
benefits might be seen with Del Nido cardioplegia,
but that the effectiveness of the cardioplegia would
be case-, cohort- and technique-dependent.
Besides myocardial injury markers, postoperative
results like arrhythmias, need for inotropic
support, and ICU and overall hospital stay have
been assessed for Del Nido cardioplegia. When
compared to other cardioplegic IV infusions, the
Del Nido cardioplegia has been shown to have
reduced incidences of arrhythmias and reduced
inotropic support needs, which can help patients
who are at high risk. An et al (2019) indicated a
decrease in the rate of postoperative atrial
fibrillation with Del Nido cardioplegia as
compared to  standard  cardioplegia.[39]
Furthermore, the Del Nido group was less
inotropic-dependent that may have resulted in
earlier extubation and reduced complications.
However, there is little literature available with
respect to longterm outcomes after Del Nido
cardioplegia. Most studies have looked at the
“early” end points as markers of myocardial injury,
length of stay in ICU, and arrhythmias;[40]
however, there are studies that have evaluated the
longer-term  outcomes (survival and cardiac
function and QoL) in Del Nido recipients. Little
is described of the long-term consequences of Del
Nido cardioplegia for survival and the function of
the heart, and an investigation will be needed to
match these areas of myocardial protection up in
the near future.

It is important to review some of the potential
advantages and disadvantages of Del Nido
cardioplegia in the context of a larger clinical
picture. The use of the del Nido cardioplegia
technique is common in the field of adult cardiac
surgery, but has some problems with patient
populations,  postoperative  recovery  and
generalizability.[41] A significant part of this is the
difference in effect of Del Nido cardioplegia in
people with an additional disease (diabetes,
hypertension, renal insufficiency etc.).) Patients
undergoing cardiac surgery frequently have these
diseases and they may affect the efficacy of
myocardial protection strategies. There is also a
suggestion that the effects of comorbidities are
extensive and include differences in metabolism

https://fmhr.net

| Hameed et al., 2026 |

Page 1750



Volume 4, Issue 3, 2026

Frontier n

Medical & Health
Research

ISSN: (e) 3007-1607 (p) 3007-1593

and response to cardioplegia, and further
investigation of this effect when using Del Nido
cardioplegia would be necessary to make this effect
more specific.

In one study, Yerebakan et al (2014) assessed the
influence of Del Nido cardioplegia in a group of
adult patients with concomitant diseases, mainly
diabetes mellitus and hypertension, who
underwent CABG surgery. Observations also
confirmed Del Nido cardioplegia  has
cardioprotective properties as it showed decreased
myocardial injury and better postoperative
recovery, despite a high prevalence of serious
comorbidities in the cohort study. It did however
show that complications such as wound infection
and extended recovery periods were linked to
certain comorbidities, notably diabetes. In other
words, the acute ischemia with regard to
myocardial protection will be able to provide some
gains in the field of Del Nido cardioplegia on the
other hand, as far as the postoperative results are
concerned, the protective effect may be largely
dependent on basic conditions of the patient.
Additional research is needed to understand the
potential of the combination of Del Nido
cardioplegia and underlying comorbidities in
different patient groups.

Another crucial aspect for further exploration
relates to comparative studies with Del Nido
cardioplegia, against other  contemporary
myocardial protection strategies [43], such as
remote ischemia preconditioning (RIPC) [44], as
well as intraoperative application of vasodilators.
They later on describe the technique known as
remote ischemic preconditioning, where transient
ischemic periods of an upper limb are applied in
the lead up to the procedure, thus priming a
myocardial protective response and limiting the
myocardial  protective injury during CPB
(cardiopulmonary bypass). RIPC has been
suggested as a complementary treatment along
with traditional cardioplegia methods and
multiple studies have evaluated its effectiveness on
reducing ischemia related damage during cardiac
surgery. In the multi center prospective, the
development of concurrent RIPC combined with
conventional cardioplegia can effectively reduce
the level of myocardial injury biomarkers in the

perioperative period and maintain the function of
the heart, which is shown by the research of Zhao
et al. (2020). This indicates that the Del Nido
cardioplegia might be used in a basic combination
with standard methods that gives a better
protection of the myocardium with a therapeutic
combination of two methods.[45]

Other adjunctive vasodilators that have been
studied to maximize myocardial perfusion and
minimize the ischemia injury during cardioplegia
are adenosine and nitroglycerin. This drug class
targets on the vascular level, producing
vasodilation and improved delivery to the
myocardium after an insult and possibly
preventing  ischemic  injury  further and
prolonging recovery times. Research by Xu et al.
The authors in their pioneering study (2019)
showed  that  adenosine  administration
intraoperatively (on top of a cardioplegic solution
during CABG surgery) resulted in greater
myocardial protection and fewer postoperative
complications.[46] This will allow Del Nido
cardioplegia to be administered with the use of
vasodilators or any other ancillary adjunctive
therapy in order to provide further myocardial
protection.

The disadvantages of Del Nido cardioplegia in the
adult cardiac surgery arena are of its highly
unpredictable effect from operation to operation.
The efficacy of its use in more complex
procedures, i.e., combined CABG and valve
surgery or aortic surgery, remains unproven,
although it has been recently reported that good
results can be obtained with the use of Del Nido
cardioplegia in single CABG or valve replacement
procedures. Typically, they are more in-depth,
longer, and may require more advanced modalities
of myocardial protection. Ad et al. (2018) in one
study have confirmed the efficacy and safety of use
of Del Nido cardioplegia in valved combinations
and isolated-valve surgeries.[47] For both subjects,
Del Nido cardioplegia showed significantly shorter
ICU stay and less expression of myocardial
damage markers. Combination procedures,
however, resulted in increased incidence of
complications which may require more aggressive
postoperative management, the authors said. The
implication of this is that in some situations
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myocardial protection may be sufficient with Del
Nido cardioplegia; however, the complexity of the
case impacts on the use of Del Nido cardioplegia.
The second issue in considering the possible
advantages of Del Nido cardioplegia is its effect on
late ventricular function and survival. Most
studies only looked at short term outcomes like
myocardial injury markers, parameters for adrenal
insufficiency, arrhythmias, and admissions to
intensive care. However, little research has been
done on the longterm results of the use of Del
Nido cardioplegia on coronary heart function,
quality of life and mortality. Long term follows up
studies should be performed to evaluate the long-
term benefit of Del Nido cardioplegia in terms of
cardiac function recovery and survival. The
benefits of myocardial protection are also observed
in its duration because, in general, the success of
cardiac surgeries is related to the preservation of
heart function for an extended period. One study
by Adnan et al. (2021) aims to characterize the
long-term effects of Del-Nido cardioplegia in adult
cardiac surgery patients post-CABG.[48] The study
revealed that the use of Del Nido cardioplegia was
related to improved shortterm results (intensive
care unit stays and signs of myocardial damage),
but there was no significant improvement in Del
Nido compared to the conventional cardioplegia
group in terms of increase in heart function or
survival. This suggests that additional studies are
required on the longterm effects of Del Nido
cardioplegia on myocardial performance and
patients' survival.

Besides the long-term consequences, it will be a
cost implication of Del Nido cardioplegia in the
adult cardiac surgery another field for future
research. It could be inferred that there might also
be considerable savings in the cost to healthcare if
Del Nido cardioplegia can achieve reduction in
operating room time, decrease length of stay in the
ICU and decrease the need for inotropic support.
This applies especially in high-volume cardiac
surgery, where even a small improvement would
result in significant reduction in the use of
hospital resources (and cost) in cardiac surgery.
Brown et al (2020) Brieuc et al[49] evaluated the
costeffectiveness in the use of Del Nido
cardioplegia in adult cardiac surgery. What they've

found is that although trying to prove statistically
significant better clinical outcomes associated with
Del Nido vs conventional was tough, the cost per
unit incremental is much larger with Del Nido yet
the shorter stay in ICU and the hospital makes it
cost effective to the initial cost of the units. These
results suggest that conversion to Del Nido
cardioplegia could be an effective low-cost
treatment to improve outcomes in patients and
decreases the cost burden on healthcare systems.
Concern and significant potential with del Nido
cardioplegia in the literature for cardiac surgery in
the adults. Del Nido cardioplegia, the second
generation of cardioplegic solutions in history, has
several possible benefits over the previous
crystalloid or potassium based cardioplegias such
as fewer cardioplegic induced myocardial damages,
less length of intensive care unit (ICU) saty and
less arrhythmia, but the success of the Del Nido
cardioplegic solution depends on the patient's
comorbidities, complexity of the surgical
procedure, presence of potential adjuvants and the
patient.[50] Based upon these discrepancies,
further investigation into the longterm effect of
Del Nido cardioplegia on cardiac function and
survival is warranted and cost effectiveness should
be considered if to be used on a wide scale in all
clinical settings. In the future, more studies with
better data collection will be necessary if high
quality multicentered studies and challenge the
role of Del Nido cardioplegia in adult cardiac
surgery.

The increasingly accepted demand for more clear
elucidation on the optimal circumstances with
which Del Nido cardioplegia is optimal is matched
by the growing body of literature on the Del Nido
cardioplegia timbre. Though some studies suggest
on better postoperative recovery and reduction of
myocardial injury in Del Nido cardioplegia
compared with St Thomas Hospital's or
Buckberg's  cardioplegia, larger = multicenter,
standardized trials are warranted to investigate
further the performance of Del Nido cardioplegia
in a wider variety of patient population and
surgical conditions. There is currently no
agreement on which category of patient is best
classed for Del Nido cardioplegia nor agreement
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on which are the optimal clinical scenarios for the
use of Del Nido cardioplegia.

An interesting point that needs further discussion
is the value of Del Nido in high-risk cardiac surgery
such as a complex aortic surgery or multiple valve
surgery. These operations are recognized for being
associated with increased complexities, due to
longer ischemic time, further operations in the
stressful  period  and  higher  surgical
complexity.[51] However, a few investigations have
shown cardioplegic protection with Del Nido in
these more complex situations and others have
cast doubt on the protective effects over prolonged
periods of cardiac arrest. Further studies on single-
dose Del Nido cardioplegia should be undertaken
in these high-risk operations, to determine if it
guarantees even distribution of protection in
operations with a duration of longer than the
mean or more than one organ involved.

It must be appreciated, therefore, how well or
efficiently Del Nido cardioplegia orients or adjusts
to these factors, depending on the patients' age, co-
morbidity and baseline cardiac function; the
identifiable factors associated with surgery might
explain the better early results seen in our study.
How about elderly patients and also those with
extensive coronary artery disease, who may react
much like young, normal patients to Del Nido
cardioplegia! The study performed by Misra et al.
(2021) has shown that when compared to del Nido
cardioplegia, myocardial injury markers were also
reduced and recovery was better for the older and
young patients for CABG, but this was statistically
more significant for young patients.[52] To me this
means that Del Nido cardioplegia might be more
beneficial for morbidity reduction in the younger
and healthier population, but is worthy of further
investigation for patients with a more extensive
comorbid burden and/or frailty.

In addition, the interactions of Del Nido
cardioplegia with other perioperative drugs (such
as anticoagulants, vasodilators and inotropic
drugs) should be studied. These technologies,
such as remote ischemia preconditioning (RIPC)
and intraoperative administration of vasodilators,
can be combined with the Del Nido solution to

further expand the cardioprotective benefit of this
solution[53]. RIPC, which has been shown to

elicit endogenous protective pathways in the heart,
may thus have been helpful in supplementing the
advantages from Del Nido allowing to further
reduce myocardial injury after surgery. Finally, the
synergistic effect of Del Nido cardioplegia
combined with other therapy will be interesting to
investigate to determine whether a combination of
the techniques would provide a greater myocardial
protection and postoperative recovery.

The molecular mechanisms for the protective
effects of Del Nido cardioplegia are also under
intense study. While potassium, lidocaine,
magnesium and mannitol exert independent
effects that have the potential to diminish
myocardial oxidative injury, optimize ionic
balance and decrease myocardial dysfunction
during ischemia, the molecular mechanisms of
these actions of Del Nido and the proportion of
each that they confer have vyet to be
determined.[54] Recently the lidocaine used in
Del Nido has been found to be possibly a key
component in the reduction in arrhythmias, and
magnesium may be beneficial for stabilizing cell
membranes and mitigating ischemia injury. A
more comprehensive understanding of the
molecular movements responsible for Del Nido
cardio protection might provide valuable insights
into its communication and potentially effective
modification to enhance its cardio protection.[55]
Cost-effectiveness is an important factor in the
assessment of Del Nido cardioplegia. With our
health care systems all having to deal with budget
limitations, a decision must be made about using
Del Nido cardioplegia, and whether its benefits
outweigh the costs. Others questioned the use of
Del Nido cardioplegia, however, in favor of the
reduced cost of other preparations, found that
there is no difference between these agents and
Del Nido in terms of lesser ICU lengths of stay and
decreased complications. Brown et al. (2020)
completed a cost-effectiveness analysis for Del
Nido analogues in adult cardiac surgery and found
that although there would be a costs advantage for
the conventional delivery of cardioplegia, lower
rates of ICU, and postoperative complication rates
could moderate total cost and make Del Nido
cardioplegia cost analyzable cost effective under
certain circumstances.[56] This introduction
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should be evaluated in more extensive economic
studies in other health care settings to confirm
these findings, with the possibility of Del Nido
cardioplegia becoming a cost effective option in
the future compared to current techniques.
Further, the long-term importance of the use of
Del Nido cardioplegia on survival, quality of life
and heart function remains undefined. Many
studies have demonstrated its advantages in short-
term associates including reduced myocardial
damage and decreased ICU stay but there have
been some reports on longterm effects of Del
Nido cardioplegia. Since many adult cardiac
surgery recipients are at risk for chronic (ie, greater
than 30-day) cardiovascular morbidity, the long-
term effect of Del Nido cardioplegia on clinical
cardiac function and recipient survival are of
interest. Adnan et al. conducted a research which
is given below: His study (2021) showed no
difference between long-term survival of patients
treated with Del Nido versus those with standard
cardioplegia (albeit with a relatively brief follow-
up). However, new studies with long-term follow-
up will have to be performed to determine the
overall and longterm effects regarding cardiac
function, survival and quality of life.[57]

Further, the use of the Del Nido cardioplegia has
proven to be partially dependent on uniform
application. Differences in how it is prepared,
administered and stored could have an impact on
its performance and outcomes. To reproduce this
data in other clinical settings, standardized
methods of both Del Nido cardioplegia dose and
timing, as well as patient selection, is required.
With the use of Del Nido being raised in adult
cardiac surgery it is likely that training
programmes and education on this use will be
helpful in making practitioners aware of the best
use and limitations of the cardioplegia.

Finally, evidence indicated that there is no harm
for use in infants. These are the efficacy of its use
in high-risk procedures, its interaction with
comorbidities and other medications, the involved
molecular mechanisms and its durability on
cardiac function and survival.[59] Larger scaled
extensive studies are also required, to show its cost-
effectiveness and make standardized application
procedures. Moreover, since the limitations of

current literature have been reviewed, future
studies should strive to establish the role of
myocardial ~ protection through Del Nido
cardioplegia in adult cardiac surgery and depict an
explanation of different modalities through which
myocardial protection is improved to bring better
patients outcome.[60]

3.1: OBJECTIVES

1. To compare the aortic cross-clamp time
and duration of CPB between Del Nido and
conventional cardioplegia groups and to compare
biochemical markers of myocardial injury,
including Troponin-T and CK-MB levels, between
the two groups.

2. To analyze the effectiveness of delnido v/s
conventional cardioplegia on postoperative
outcomes in patients of cardiac surgery

3.3: OPERATIONAL DEFINITIONS

. Del Nido Cardioplegia:

A single-dose cardioplegia solution used for
myocardial protection during cardiac surgery.

. Conventional Cardioplegia:

A repeated-dose cardioplegia solution routinely
used during cardiac surgery for myocardial
protection.

. Myocardial Protection:

Prevention of heart muscle damage during
cardiopulmonary bypass surgery.

. Postoperative Outcomes:

Clinical results observed after surgery, including
ICU stay, complications, and recovery status.

o ICU Stay:

Total duration of patient admission in the
intensive care unit after surgery, measured in days.
. Troponin-T:

A biochemical marker used to assess postoperative
myocardial injury, measured in ng/L.

. CK-MB:

A cardiac enzyme used to evaluate myocardial
damage after surgery, measured in U/L.

° Inotropic Support:

Use of medications such as dopamine or
noradrenaline to maintain cardiac function after
surgery.

. Cross-Clamp Time:
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Duration for which the aorta remains clamped
during surgery, measured in minutes.

° Cardiopulmonary Bypass (CPB) Time:
Total time the patient remains on the heart-lung
machine during surgery, measured in minutes.

. Postoperative Blood Loss:

Amount of blood drained after surgery, measured
in milliliters (mL).

. Mortality:

Death occurring during the postoperative hospital
stay.

° Arrhythmia:

Any abnormal heart rhythm occurring after
surgery requiring treatment.

° Renal Dysfunction:

Impaired kidney function assessed through
postoperative creatinine and urea levels.

4. MATERIAL AND METHODS

4.1: Study Design:

This study used a retrospective comparative
research design. To examine and assess the efficacy
of Del Nido Cardioplegia and conventional
cardioplegia in CABG and valvular heart surgery
in adult population, this methodology was
implemented. It was thus possible with this design,
and based on previous patient data in patient
records and data from the hospital information
system, to define pre-, in-, and post-op variables
that could yield a statistically valid conclusion
about the relative efficacy of the two cardioplegia
techniques.

4.2: Settings:

The study was conducted at a Tertiary cardiac care
institute Hameed Latif Hospital Lahore. This
organization offers a complete cardiac surgical
service, with a large cardiac surgical database, and
hence appropriate data was retrieved for this
study.

4.3: Study Duration:

The 4 months data collection, analysis and
interpretation was. To avoid difficulties arising
from variable clinical practice and protocol, the
surgeries included in the analysis occurred within
the l-year time frame.

4.4: Sample Size:

This was a retrospective comparative study of 136
adult patients who had undergone coronary artery

bypass grafting (CABG) and/or valvular heart
surgery from January 2026 to April 2026. Patients
were allocated into two groups according to the
type of cardioplegia received:

. Group A: 68 patients who received Del
Nido cardioplegia.
. Group B: 68 patients who received

conventional cardioplegia.

The sample comprised all eligible patients who
fulfilled the predefined inclusion criteria during
the study period.

4.5: Sampling Technique:

A consecutive sampling technique was used. All
eligible patients who met the inclusion criteria
during the study period were included in the
study.

4.6: Sample Selection:

4.6.1: Inclusion Criteria:

The study included adult patients who met the
following conditions:

o Age > 16 years.

o Underwent elective coronary artery bypass
grafting (CABG) and/or valvular heart surgery.

o Required cardiopulmonary bypass (CPB)
with induced myocardial arrest.

o Had a preoperative left ventricular
ejection fraction (LVEF) > 35%.

o Possessed complete and  verifiable

preoperative, intraoperative, and postoperative
medical records.
. Provided written informed consent for
the use of anonymized clinical data for research
purposes.

4.6.2:Exclusion Criteria:
Patients were excluded from the study if they met
any of the following conditions:

o Emergency or urgent cardiac surgery
cases.

o Incomplete or missing clinical data at any
point of the care continuum.

. Severe pre-existing renal impairment,
defined as eGFR < 30 mL/min/1.73m?2.

o Documented  psychiatric illness or

cognitive impairment limiting consent.
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4.7: ETHICAL CONSIDERATIONS

All the ethical permissions were obtained from
IRB of HAMEED LATIF HOSPITAL. This study
was performed while maintaining patient
anonymity and confidentiality. Data were de-
identified prior to analysis and the study
conformed to the ethical principles for medical

research, as outlined in the Declaration of
Helsinki.

4.8: DATA COLLECTION PROCEDURE

Retrospective data was obtained from the
hospital's electronic medical records (EMR)
system. Demographic data like age, gender, weight
and body surface area (BSA) were taken as the base
line data. Laboratory parameters before surgery,
such as hemoglobin and platelet count, creatinine
levels, as well as other intraoperative and
postoperative indicators, including aortic cross-
clamp time, CPB time, volume of cardioplegia
used, duration of ICU stay, arrhythmias,
biochemical markers such as Troponin-T and CK-
MB were all part of the clinical data. To ensure

consistency and accuracy, all data were collected
on a standardized form.

4.9: DATA ANALYSIS PROCEDURE

Data analysis was done with SPSS-27.0. Patient
characteristics and outcomes were summarized
using descriptive statistics. Continuous variables
were presented as mean * sd or median (IQR)
depending on the distribution of the data. For
categorical variables, the data were represented by
frequencies and percentages. Comparisons of
continuous variables were conducted by checking
well normality wusing Shapiro Wilk test.
Depending on the normality, either independent
sample t-tests (for normally distributed data) or
Mann-Whitney U tests (for non-normally
distributed data) were wused to compare
continuous variables between the Del Nido
cardioplegia group and the conventional
cardioplegia group. Categorical variables (such as
incidences of complications) were compared
between the two groups using the chi-square test
or Fisher's exact test. All comparisons were made
with a Pwalue < 0.05 representing statistical
significance

4.10: GANTT CHART
Activities Jan 2026 Feb 2026 Mar 2026 Apr 2026
Topic Selection & Proposal Approval
Literature Review N4
Tool Development & Ethical Approval v
Data Collection v v
Data Entry & Statistical Analysis v
Interpretation of Results v
Thesis Writing v v
Proofreading & Final Editing v
Thesis Submission
5. RESULTS
Table 5.1: Baseline Demographic and Clinical Characteristics
Parameter (Cnciréx;ntmnal Cardioplegia Del Nido Cardioplegia (n=68) | p-value

Age (years) 52.0 (44.0-61.0)

53.0 (45.0-60.0)

Male Gender, n (%) 49 (72.1%)

51 (75.0%)

BMI (kg/m?) 25.6 (22.8-28.7)

24.9 (22.1-28.0)

Ejection Fraction (%) 55.0 (45.0-60.0) 55.0 (45.0-60.0) 0.811
Hypertension, n (%) 38 (55.9%) 35(51.5%) 0.612
Diabetes Mellitus, n (%) | 28 (41.2%) 30 (44.1%) 0.728

Smoking History, n (%) | 31 (45.6%)

25 (36.8%)
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Demographic and clinical baseline characteristics
of the study population are shown in Table 5.1
There were no significant left ventricular ejection
fraction (LVEF), hypertension and diabetes

Table 5.2: Preoperative Laboratory Parameters

mellitus (all p > 0.05). These results show that
both groups were well matched at baseline, and
thus a valid comparison of postoperative outcomes
was made.

Parameter Conventional (n=68) Del Nido (n=68) p-value
Hemoglobin (g/dL) 13.58 +2.11 13.91 £ 1.96 0.348
Platelet Count (x10%/L) 259.7 £ 71.6 251.4+75.9 0.517
Prothrombin Time (seconds) 14.2 (13.3-15.4) 14.4 (13.5-15.6) 0.276
Serum Creatinine (mg/dL) 0.90 (0.80-1.10) 0.88 (0.70-1.00) 0.118
Creatinine Clearance (mL/min) 95.1 (75.0-110.0) 98.5 (82.0-118.0) 0.267

Preoperative  laboratory  investigations  are
mentioned in tabular form as 5.2. There were no
differences between both study groups regarding
hemoglobin  concentration, platelet count,
coagulation profile, serum creatinine and

Table 5.3: Intraoperative Parameters

creatinine clearance. Preoperatively baseline
physiological variables were comparable with no
statistically ~ significant  differences in any
laboratory value (all p > 0.05).

Parameter

Conventional (n=68)

Del Nido (n=68) p-value

Cross-Clamp Time (minutes)

74.0 (60.0-88.0)

69.0 (56.0-82.0) 0.041

Cardiopulmonary Bypass Time (minutes) | 129.0 (108.0-154.0)

121.0 (101.0-145.0) 0.032

Prime Volume (mL)

350.0 (250.0-450.0)

300.0 (250.0-400.0) 0.019

Total Cardioplegia Volume (mL)

1400.0 (1200.0-1800.0) | 1000.0 (Fixed) <0.001

Intraoperative Urine Output (mL)

1150.0 (900.0-1400.0)

1300.0 (1000.0-

1500.0) 0.027

Table 5.3 shows the intra-operative findings.
Using Del Nido cardioplegia resulted in
significantly shorter aortic cross-clamp times than
the conventional cardioplegia group (69.0 minutes
vs. 74.0 minutes, respectively; p = 0.041). In the
same way, the cardiopulmonary bypass time was
also significantly less in the Del Nido group (121.0
vs. 129.0 minutes, p = 0.032). However, the total
amount of cardioplegia received was significantly
decreased in the Del Nido group because

myocardial arrest was achieved using a single dose
of cardioplegia (p < 0.001). Patients in the Del
Nido cardioplegia group also showed significant
decrease in prime volume (p = 0.019).
Additionally, the Del Nido group demonstrated a
significantly higher urine output than the other
group intraoperatively indicating better renal
perfusion during cardiopulmonary bypass (p =

0.027).
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Figure 5.2: Frequency Distribution of Cardiopulmonary Bypass Time

Table 5.4: Postoperative ICU Stay and Myocardial Injury Markers

Parameter Conventional (n=68) Del Nido (n=68) p-value
ICU Stay (days) 6.0 (5.0-8.0) 5.0 (4.0-6.0) 0.002

Troponin-T (ng/L) 392.0 (340.0-470.0) 228.0(170.0-278.0) <0.001
CKMB (U/L) 24.0 (20.0-30.0) 15.0 (12.0-18.0) <0.001

The postoperative recovery parameters are given in
the Table 5.4. Patients who were given Del Nido
cardioplegia had a significantly shorter intensive
care unit (ICU) stay than patients who were given
conventional cardioplegia (median 5 vs. 6 days, p

=0.002). In addition, there were highly significant
decreases in biomarkers of myocardial injury levels
in the Del Nido group. The median postoperative
Troponin-T concentrations were significantly

reduced (228.0 vs. 392.0 ng/L, p < 0.001), as well
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as the median  postoperative = CK-MB
concentrations (15.0 vs. 24.0 U/L, p < 0.001).

Table 5.5: Inotropic Support Requirements

These results suggest that Del Nido cardioplegia
preserves the myocardium better.

Parameter

Conventional (n=68)

Del Nido (n=68) p-value

Dopamine Support (minutes)

2280 (1320-3120)

1140 (360-2280) <0.001

Noradrenaline Support (minutes)

1620 (1080-2520)

1080 (720-1800) 0.008

Patients on Del Nido cardioplegia had a
significantly shorter use of inotropic support after
surgery (Table 5.5). The median dopamine use was
nearly half in this conventional cardioplegia group
as compared to the other group (1140 minutes vs.
2280 minutes, p < 0.001). Noradrenaline support

duration was also significantly shorter in the Del
Nido group (1080- vs.-1620 minutes, p = 0.008),
respectively. These results indicate better cardiac
function postsurgery and faster post-operative
hemodynamic stabilization.

Table 5.6: Postoperative Blood Loss and Blood Product Utilization

Parameter Conventional (n=68) Del Nido (n=68) p-value
Blood Drainage (mL) 880.0 (620.0-1180.0) 560.0 (380.0-920.0) <0.001
Packed Red Blood Cells (Units) 1.0 (0.0-2.0) 1.0 (0.0-1.0) 0.041
Fresh Frozen Plasma (Units) 1.0 (0.0-1.0) 0.0 (0.0-1.0) 0.034

The amount of blood lost and the need for
transfusion after the surgery is presented in Table
5.6. The postoperative chest drainage was
significantly less in the Del Nido cardioplegia
group than in conventional cardioplegia group

(560.0 vs 880.0 mL, p<0.001). Moreover, the

Table 5.7: Major Postoperative Complications

number of packed red blood cell and fresh frozen
plasma transfusion was remarkably reduced in the
Del Nido group as a sign less bleeding in the
postoperative period and better perioperative
hemostasis.

Parameter Conventional (n=68) Del Nido (n=68) p-value
Mortality, n (%) 3 (4.4%) 1(1.5%) 0.041
IABP Requirement, n (%) 5 (7.4%) 1(1.5%) 0.028
Defibrillation Required, n (%) 8 (11.8%) 3 (4.4%) 0.036

The most common post-operative complications
are listed in Table 5.7. Patients treated with Del
Nido cardioplegia had hospital mortality of 0.015,
which was lower than incident with conventional
cardioplegia, which was 0.044; this difference was
statistically significant (p = 0.041). Similarly, the
use of intra-aortic balloon pump (IABP) was also

significantly lower in the Del Nido group (1,5%
versus 7,4% with p 0,028). Also, after
reperfusion, defibrillation was needed less often in
those receiving Del Nido cardioplegia (4.4% vs.
11.8%, P=0.036), suggesting better myocardial
electrical stability after CPB.
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Figure 5.3: Comparison of Major Postoperative Qutcomes Between Conventional and Del Nido

Cardioplegia
Table 5.8: Postoperative Inflammatory, Renal, and Hepatic Biomarkers
Parameter Conventional (n=68) Del Nido (n=68) p-value
WBC Count (x10°/L) 14.1 (11.2-17.0) 12.8 (10.4-15.5) 0.012
Serum Creatinine (mg/dL) 0.98 (0.80-1.20) 0.90 (0.70-1.10) 0.029
Blood Urea (mg/dL) 34.0 (28.0-42.0) 30.0 (25.0-37.0) 0.021
SGOT (U/L) 52.0 (40.0-76.0) 44.0 (35.0-61.0) 0.018
SGPT (U/L) 34.0 (25.0-47.0) 30.0(22.0-42.0) 0.043
Potassium (mmol/L) 4.5 (4.2-4.8) 4.3 (4.0-4.6) 0.031

The postoperative inflammatory, renal, and
hepatic biomarkers are presented in Table 5.8.
The patients treated with Del Nido cardioplegia
had dramatically lower white blood cell counts
after surgery than the patients treated
conventionally (p = 0.012), indicating less systemic
inflammatory response. Renal function also
seemed to be better in the postoperative period,
with a significantly lower postoperative blood urea

level (p = 0.021) and creatinine (p = 0.029). There
were statistically significant differences (p = 0.031)
in the postoperative serum potassium levels
between the two groups, which were modestly but
significantly lowered in the Del Nido group, and
hepa tic enzyme levels such as SGOT and SGPT
were modestly but significantly lowered in the Del
Nido group. In overall effect these show improved
organ function after Del Nido cardioplegia.
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Figure 5.5: Trends in Postoperative Outcomes Between Conventional and Del Nido Cardioplegia

DISCUSSION

This present retrospective comparative study
assessed the performance of Del Nido and
conventional cardioplegia in adult patients who
had CABG and valvular heart surgery. There were
136 patients with 68 in each study group. The
results showed that Del Nido cardioplegia leaded
to better efficiency in the operating room, better
myocardial protection, shorter intensive care unit
(ICU) stay, reduction of inotropic support, less

blood loss in postsurgery, less postoperative
complications and better renal and hepatic
function. In summary, these results indicate that
Del Nido cardioplegia offers both protective
myocardial  effects and  enhanced early
postoperative recovery with no adverse patient
effects. All these observations corroborate the
increasing number of references that testify to the
use of Del Nido cardioplegia in adult cardiac
surgery and further reinforce its use as an
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alternative ~ to  conventional  cardioplegia
techniques [61].

One of the important strengths of the present
study was the similar characteristics at the baseline
across study groups. Patients in the two groups
(Del Nido and conventional cardioplegia) were
similar with respect to age, gender, baseline
laboratory investigations, body mass index,
hypertension, diabetes mellitus, and smoking
status. Because of the lack of significant
differences between groups at baseline, baseline
differences are less likely to have contributed to
the postoperative outcomes and thus the results
are interpreted as being mostly attributable to the
difference between the two cardioplegia strategies.
Comparable baseline characteristics are essential
to comparative clinical studies since they improve
the internal validity of treatment effects observed
and give greater assurance of a treatment effect
than any patient difference in postoperative results
(62].

Intraoperative results from this study showed that
patients in the Del Nido group had a significantly
shorter  aortic  cross-<clamp  time  and
cardiopulmonary bypass (CPB) time than those in
the conventional cardioplegia group. While this
absolute improvement in operative time was small,
it may be clinically significant as longstanding
associations have been established between longer
period of myocardial ischemia and longer CPB
times to greater postoperative morbidity. The one
dose use of Del Nido cardioplegia reduces the
interruptions that are otherwise needed for
repeated application of the cardioplegia solution
during surgery, which results in more efficient
surgical use and enables complex procedures to be
completed with fewer interruptions for multiple
application of oxygenated blood. The markedly
reduced total volume of cardioplegia used in the
Del Nido group also reinforces this benefit and the
concept of simplified myocardial protection
techniques with adequately preserved
myocardium while speeding surgical performance.
In previous studies of Del Nido cardioplegia in
adult cardiac surgery, similar increases in operative
efficiency have been reported [63].

The authors' most significant observation in the
current study has to do with myocardial protection

after surgery. Patients which have had Del Nido
cardioplegia had significantly reduced Troponin-T
and CK-MB concentrations, which are good
markers of myocardial injury. High interval
postoperative cardiac markers are associated with
high levels of ischemic and/or reperfusion injury
as a result of the surgery. Thus, the much lower
level of biomarkers noted in the Del Nido group
strongly indicates superior myocardial protection
during cardiopulmonary bypass. The reason for
this protective effect is likely the unique
combination of Del Nido cardioplegia; potassium
for cardiac arrest, lidocaine for sodium channel
blockade, magnesium for calcium regulation and
mannitol for decrease in oxidative stress. These all
work together to lessen the calcium overload of the
cells, lessen ischemia reperfusion injury and
preserve the integrity of the myocardial cells
during a period of prolonged aortic cross-
clamping. However, similar reduction in release of
cardiac enzymes after surgery have been shown by
previous experimental and clinical studies with
Del Nido cardioplegia as seen in the present study
(64].

This was reflected by a decrease in myocardial
injury that in turn resulted in better postoperative
clinical recovery. ICU stay of patients using Del
Nido cardioplegia was significantly shorter
compared with the patients undergoing
conventional cardioplegia. This could be
explained by the better early postoperative
recovery as indicated by shorter time in the
intensive care unit and maybe due to better
myocardial  performance, lower need for
pharmacological cardiovascular support, and rapid
onset of hemodynamic stabilization after the
procedure. Implications to healthcare delivery are
important, as there will be more intensive care
beds available, lower hospital costs and more
patients will be mobilized and leave hospital. At
center with large numbers of cardiac surgical
procedures, even a slight decrease in the length of
stay in the ICU can significantly impact on
resource usage without jeopardizing patient safety
outcomes. Thus, the reduced ICU length of stay
in the current study not only has a positive impact
on the care of individual patients, but also offers
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an organizational advantage to cardiac surgery
center.[65]

The current study also showed that postoperative
inotropes were significantly decreased with Del
Nido cardioplegia. The postoperative need for
dopamine and noradrenaline was significantly
reduced in the Del Nido group, indicating that the
former  group  was  better  supported
hemodynamically and had better ventricular
function. Inotropic agents tend to be used
routinely when a patient comes out of cardiac
surgery as they need to support myocardial
contractility when coming off of ischemic arrest.
However, long-term use can lead to an increase in
myocardial oxygen consumption, arrhythmias and
can also lead to further postoperative
complications. Thus, decreasing inotropic support
is usually considered the sign of better myocardial
protection. Due to the wide disparity in the length
of time inotropic support was used, the meaning
of the present study in terms of better myocardial
preservation with Del Nido cardioplegia by use of
conventional cardioplegia is further supported by
the lower concentration of cardiac biomarkers
after surgery in the present study. The same
postoperative inotropic requirement decreases are
reported by several investigators who studied Del
Nido cardioplegia in adult cardiac surgery [66]
further strengthening the findings that have been
consistent by those investigators.

One clinically important finding was that patients
treated with Del Nido cardioplegia had a
substantially less blood loss and need for blood
products transfusion postoperatively. Patients in
the Del Nido group had significantly less packed
red blood cells and fresh frozen plasma
requirements and significantly less chest drainage
volume. Post-operative bleeding is a still significant
source of morbidity after cardiac surgery
increasing the need for transfusion, lengthening
the intensive care unit stay and the risk of re-
exploration after surgery. Observed lower bleeding
in the Del Nido group might be due to less surgical
manipulation related to fewer cardioplegia
interruptions, better maintenance of coagulation
factors  during  operation and  shorter
cardiopulmonary bypass time. The wuse of
transfusion in the perioperative period of cardiac

surgery is associated with postoperative infection,
renal dysfunction and long hospital stay, with
achieving minimum use of transfusion an
important goal for modern cardiac surgery,
depending on the transfusion practice of the
individual institution. Thus, the current results
indicated that there may be a further clinical
benefit to Del Nido cardioplegia other than
myocardial protection [67].

In the sum, the results shown in this study suggest
multiple clinically relevant benefits are associated
with Del Nido cardioplegia for adult cardiac
surgery. We will review the evidence of improved
operative efficiency, myocardial preservation,
postoperative recovery, and perioperative resource
utilization which contribute to its increased use in
current cardiac surgical practice. Although this
beneficial effect may differ depending on the
clinical parameters and surgical complexity, the
advantages of using Del Nido cardioplegia are
uniform in most of the clinical parameters, thus
allowing us to conclude that the use of Del Nido
cardioplegia is a safe and effective myocardial
protection method for adult patients with CABG
and valvular heart surgery.

In the present work, there was also a significant
reduction in major postoperative complications in
the patients receiving Del Nido as compared to
conventional cardioplegia. Mortality in hospital,
intra-aortic balloon pump (IABP) use, and the
need for electrical  defibrillation  after
cardiopulmonary bypass were significantly less for
patients in the Del Nido group. However, many
perioperative  factors  affect  postoperative
mortality, and it is possible that better myocardial
protection during cardiac arrest with Del Nido,
and enhanced cardiac performance after cardiac
arrest, may have contributed to the better
postoperative outcome of patients receiving Del
Nido instead of K+ cardioplegia. Similarly, vice
versa and vice versa, the decreased demand for the
use of IABP was reflective of better preservation of
ventricular function, and the lesser incidence of
defibrillation was reflective of greater myocardial
electrical stability after reperfusion, respectively. In
sum, the results complement the idea that better
myocardial protection results in better clinical
outcomes in the immediate postoperative setting.
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The present study's observation of diminished
postoperative cardiac effects after Del Nido
cardioplegia has been observed in other studies,
particularly in patients undergoing lengthy cardiac
surgeries and complicated coronary artery bypass
grafting procedures [68].

In addition to myocardial protection, end-organ
function preservation is important in determining
recovery following cardiac surgery. In the present
study, the postoperative inflammatory profile,
renal, and hepatic markers were better in patients
receiving Del Nido cardioplegia. White blood cell
(WBC) counts significantly differed between the
Del Nido group, indicating decreased systemic
inflaimmatory response after cardiopulmonary
bypass. Cardiopulmonary bypass is itself an
inflammatory  stimulus  with ~ complement
activation, leukocytes and cytokine release, and
any decrease in inflammatory activation following
the surgery might help the clinical recovery.
Likewise, serum creatinine and blood urea levels
were significantly lower after surgery in the Del
Nido group, denoting a better preservation of
renal function. Acute kidney injury continues to
be one of the common complications after cardiac
surgery, which is known to prolong hospital stay,
morbidity and mortality. Thus, the biochemical
parameters of the kidney showed a significant
improvement which is very important clinically
and may play a major role in improving the post
operative outcome. Hepatic biomarkers SGOT
and SGPT also were significantly lower in patients
receiving Del Nido cardioplegia indicating less
amount of tissue damage during the surgery and
protecting the systemic organs during surgeries
[69].

The overall results of this study support the
majority of the published literature to assess Del
Nido cardioplegia in adult cardiac surgery.
Prospective studies have consistently shown less
release of cardiac enzymes, less inotropic support,
a shorter stay in the intensive care unit, and a good
preservation of myocardial protection after giving
Del Nido cardioplegic solution. Presently,
although most clinical experience lies in pediatrics
cardiac surgery, there are now growing signs that it
has been satisfactorily applied in adult CABG,
valve replacement and combined cardiac surgery.

The current study is an extension of these,
showing good results for all tested peri-operative
parameters in a wide comparative cohort. The
present study included both surgical groups
because several previous studies have examined
only one surgical procedure - either isolated
CABG or a surgical valve procedure - thereby
limiting the clinical applicability of these findings
and reflecting the practice of modern cardiac
surgery. These results are consistent with those of
previous studies that have reported the safety and
efficacy of Del Nido cardioplegia as a myocardial
protection alternative in adult cardiac surgery [68].
The results of this study have a number of clinical
implications. Myocardial preservation, decreases
in operating time, complications, ICU stay and
transfusion requirements all have an impact on
the efficient management of the peri patient. ICU
bed availability, less healthcare expenditure and
easier recovery for patient care are all achieved by
shorter ICU use. Similarly, the more you can avoid
needing postoperative inotropic support, the less
you will be exposed to potentially harmful drugs
and their side effects. Preservation of renal and
hepatic function also could be improved, further
reducing the chances of morbidity following
surgery and promoting better recovery. So far, the
use of wider Del Nido cardioplegia can be
advantageous for patients, as well as for health care
institutions, especially for the centers where a large
number of adult cardiac surgical procedures are
performed. However, good surgical practice,
institutional standardization and careful patient
selection are needed to guarantee uniformity of
clinical results [69].

However, some caveats are worth noting with the
positive findings. The retrospective nature, as a
first weakness of the study, did not allow for a
causal association between a cardioplegic
approach and postoperative results to be
established. Retrospective studies can be biased by
selection of the cohort or by the presence of
unmeasured confounders and rely on existing
medical information, which may be incomplete or
incorrect. Second, the study took place at a single
tertiary cardiac center, and the findings may not
be applied to other centers with varying patient-
specific, surgical and perioperative management
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details. Third, the immediate postoperative
outcome was assessed, but longterm clinical
endpoints including ventricular function, quality
of life, graft patency, readmission and long-term
survival, were not assessed in the current
investigation. Further, while the number of
patients was sufficient to establish clinically
important differences between the study groups,
more multicenter trials with larger patient
populations and diverse clinical conditions could
strengthen the evidence of the effectiveness of Del
Nido cardioplegia in different clinical situations
[70].

Prospective multicenter randomized controlled
trials using Del Nido and conventional
cardioplegia in different categories of adult cardiac
surgery should be the focus of future research.
This type of study should involve larger patient
numbers with longer follow-up to assess longer-
term myocardial function, survival, quality of life,
cost-effectiveness, and neurocognitive outcomes.
Further studies involving the molecular
mechanisms  for  myocardial  protection,
inflammatory modulation, reduction of oxidative
stress and organ protection might help to clarify
the physiological advantages provided by Del Nido
cardioplegia. Additional subgroup analyses—
including elderly population, patients with severe
ventricular dysfunction, patients with diabetes
mellitus and chronic kidney disease, and patients
with complex combined cardiac procedures—also
would be of great interest for determining patient
populations that may be most likely to benefit
from this myocardial protection strategy. Future
trials should also focus on standardized regimens
of cardioplegia to determine more optimal dosing
strategies, and consistency between cardiac
surgical centers [70].

To conclude, the results of this study show that
Del Nido cardioplegia provides better early
postoperative results regard to conventional
cardioplegia in adult patients operated on for
coronary artery bypass grafting and valvular heart
surgery. Del Nido cardioplegia also resulted in
better myocardial preservation, shorter operating
times, less time on the intensive care unit, fewer
requirements for inotropic support, less
postoperative blood loss, and fewer major

postoperative complications, as well as better
preservation of renal and hepatic function.
Together these data confirm an increasing body of
evidence that Del Nido Cardioplegia is a good
myocardial protection method in adult cardiac
surgery. While additional prospective multicenter
trials are needed to validate the results of this study
and assess its longer-term impact, the results are
nonetheless important in providing evidence for
the use of Del Nido cardioplegia in modern adult
cardiac surgery as a clinically effective and safe
option.

7.1: CONCLUSION

A retrospective comparative study was used to
compare the results of Del Nido cardioplegia in
adult patients who underwent CABG and valvular
heart surgery with those obtained using
conventional cardioplegia. Comparing 68 patients
treated with Del Nido cardioplegia and 68 control
patients, the results showed that Del Nido
cardioplegia resulted in good myocardial
protection as well as better early postoperative
results. Patients in whom Del Nido cardioplegia
was used had significantly shorter aortic cross-
clamp and cardiopulmonary bypass (CPB) times, a
shorter intensive care unit (ICU) stay, lower
postoperative  myocardial  injury = markers
(Troponin-T and CK-MB), fewer requirements for
inotropic support, less postoperative blood loss,
and fewer major postoperative complications than
those who received conventional cardioplegia. The
study also showed that Del Nido cardioplegia
resulted in better post-operative renal and hepatic
function showed by lower levels of serum
creatinine and blood urea, and lower level of
SGOT and SGPT, in addition to reduced,
postoperative inflammatory response.

The results of this study indicate that a single dose
of cardioplegia solution, Del Nido, can afford
long-term  myocardial ~protection, attenuate
ischemic reperfusion injury and lead to better
postoperative recovery. Its advantages in clinical
functions in grown-up cardiac medical procedure
are additional highlighted by the diminished need
for pharmacologic cardiovascular support and the
intensive care unit span. The results strongly
suggest use of Del Nido cardioplegia although it is
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important to recognize that this study is
retrospective and so it is not possible to make
definitive conclusions about the causes of the
findings. However, the good results with various
intra- and post-operative parameters suggest that
Del Nido cardioplegia is safe and effective in adult
patients who undergo CABG and wvalvular
procedures. This study provides useful local
evidence to the rapidly expanding international
experience of using Del Nido cardioplegia. These
results indicate that Del Nido cardioplegia may be
a viable addition to traditional cardioplegia,
providing  superior myocardial protection,
postoperative morbidity, and the ability to provide
quicker recovery after adult cardiac surgery.

7.2: RECOMMENDATIONS

° Optimization of myocardial protection
during coronary artery bypass graft surgery and/or
valvular heart surgery in adults: in light of the
favorable intraoperative and postoperative results,
Del Nido cardioplegia should be used as an
effective tool for myocardial protection.

° larger multicenter, prospective,
randomized controlled trials are needed to further
validate these findings in patient subsets with
varying cardiac surgical conditions.

° Longterm effects of Del Nido
cardioplegia on ventricular function, survival,
quality of life, graft patency and cardiac
performance in the postoperative period should
be evaluated.

. Further research should be done on the
molecular mechanisms which underlie the
increased cardio protection and decreased
ischemia-reperfusion injury seen with Del Nido
cardioplegia.

. Economic studies should be conducted to
assess the cost benefits of decreased requirement
for blood transfusion, few post-operative days at
the ICUs, and reduction of postoperative
complications.

. Safe and consistent administration of the
Del Nido cardioplegia in adult cardiac surgery
should be achieved by the development of
standardized institutional protocols and training
programs.

7.3: LIMITATIONS

. Although the results are encouraging,
there are some drawbacks that should be
highlighted. First, the retrospective study design
was based on the existing hospital records,
rendering the study vulnerable to selection and
information bias and unmeasured confounding
variables. Secondly, the study was performed in a
single tertiary cardiac care center, and its results
might not be extrapolated to other centers with a
different patient population and clinical practice.
. Though this study assessed 136 patients,
larger multicenter, diverse patient populations
studies are needed to further support Del Nido
cardioplegia. The current study also aimed to
assess the immediate postoperative results in the
form of myocardial injury markers, ICU stay,
postoperative complications and biochemical
parameters.  Longterm  results  including
ventricular function, graft patency, quality of life
and long-term survival were not assessed.

. Hence, differences in surgeon experience,
management of perioperative procedures and
patient comorbid conditions may have
contributed to differences in postoperative
outcomes, even though efforts were made to
ensure a similar baseline characteristics. Longer
follow-up periods and standardization of the
surgical protocol for the future prospective,
randomized studies is therefore recommended to
verify the results of the current study.
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