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1954, Gibbon development the 
heart lung machine allowed brain 

ischemia but the heart become 
ischemic and some operations, 

mortality rate 65%.

In animals, potassium citrate 2.5%(77mmlo/L) in blood with good results (1950-1960).

1955, Melrose and colleagues introduced the concept of “elective reversible cardiac arrest”.
Potassium citrate (77-309 mmlo/L) added to blood at 37 oC.



Potassium citrate was associated with myocardial injury, heart necrosis. As the use of potassium 
based Cardioplegia was abandoned for about 15 years. .

1960s, continuous coronary perfusion, with electrically induced ventricular fibrillation.

1970s, Buckberg and colleagues demonstrated that fibrillation caused sub endocardial necrosis



Shumway was protecting the heart with “profound” topical hypothermia. 

1960s, in Germany. Holscher, suggested magnesium chloride plus procaine amide of 
cardioprotection.

1960s, “bretschneider solution” in Gottingen, German. 

1970s Gay and Ebert, 25 mmol/L potassium chloride in dog, good protection

1975, Braimbrideg was first introduced St. Thomas’



Shaheed Ghazi 
2014

Custadiol 1996

Del Nido 1990

Recently available cardioplegic solution in IRAN



Cell Membrane Physiology
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Ligand-Gated channels
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Voltage-gated channel









Hyperkalemia changes the cellular resting membrane potential (𝐸
𝑚

) of cardiac myocytes 

towards a less negative value (i.e., closer to zero).

The resting membrane potential is largely maintained via an adenosine triphosphate (ATP) driven primary active 3Na+/2K+ exchange

pump creating bot chemical and electric gradients across the cellular membrane and via a passive 
K+ outward flux

. As the cardiac myocyte membrane is most permeable to K+ ions but 
relatively impermeable to other ions, 𝐸𝑚 potential is close to the K+ 
equilibrium potential of −91 mV (Nernst equation, ) and approaches −85 mV 
(Goldman-Hodgkin-Katz voltage equation). 



Intracellular
Custadiol, Bretschnedr

Extracellular
St. Thomas, Bukberg

Two type of Cardioplegic solutions











Custadiol









If you significantly reduce sodium, the fast inward current is inhibited and the heart is arrested.

To conclude, low-sodium effects low est energy turnover.









even water acts as a buffer. Imagine you have 10,000 L of water, pure water, and you add one drop of an acid inside, the pH remains 
constant. But, if you have only 1 mL of water and put the same drop of acid inside, the pH will immediately change. That means buffer 
concentration plays a role. Therefore, if people have used only 10 mMol/L bicarbonate, e.g., in St. Thomas’ solution, it is almost 

nothing

Besides the buffer effect, histidine acts as free radical scavenger, so 
that the solution has two scavengers: the first one is histidine and the 
second one is mannitol. Therefore, using this solution, there’s no 

danger for an







HTK seems to preserve not only the myocardium but also 

the coronary artery endothelium.







Circulation volume overloading or 
Second dose and may by add 

Hemoconcentrator or diuretic drug 

Disturbances of electrolyte 
balance hyponateremia, 

hypocalcemia. 

Plasma levels of the amino acids 
tryptopan and histidine may be 
elevate during the first 24 hrs. 

Induce acidosis during CPB time 

Toxicological properties 



Complex cardiac 
surgeries

Minimally 
invasive

Robotic Surgeries HOCM

Complex 
congenital

Main Indications of CUSTADIOL



Primary end-point :  30 days Mortality

Secondary end-point: LOS Arrhythmias



The results of the available evidence suggest that Custodiol offers 
myocardial protection that is equivalent to that of conventional 

cardioplegia

A single dose  cardioplegia strategy for myocardial 
protection has significant benefits for the 

performance of minimally
invasive or complex cardiac surgery 

There is not enough evidence to recommend the routine 
use of Custodiol for the performance of coronary artery 
bypass grafting  (CABG) or other simple open cardiac 

surgical procedures.



• January 2005 to January 2011

• 126 (7%) utilized Custodiol and 
1774 (93%) used blood 

cardioplegia

• The study primary endpoints were
30-day mortality, return to the
operating theatre, myocardial
infarction, stroke, postoperative
requirement for an intra-aortic
balloon pump, new renal failure,
prolonged ventilation and re-
admission to hospital within 30
days.

The use of Custodiol is convenient, simple and at least as safe 
as tepid blood cardioplegia for myocardial protection in 

complex cardiac operations 



Blood cardioplegia was administered in 88 (57.1%) 
patients, and Custodiol cardioplegia was administered 

in 66 (42.9%

All-cause death, LCOS, AKI and significant 

arrhythmia

Custodial is associated 
with less optimal 

myocardial protection 
andhigher adverse 

outcomes compared to 
cold blood cardioplegia
in children undergoing 

cardiac surgery. 



12 dogs underwent 

CPB with 60 minutes 

of TCA

Custodiol

Custodiol-N 

(addition of L-arginin, 

N-α-acetyl-L-histidine

and iron-chelators: 

deferoxamine and LK-

614). 



Coronary blood flow was measured on the left an- terior 
descending (LAD) coronary artery with a peri- vascular 

ultrasonic flow probe) and

endothelium-independent vasodilatation after admin-istration
of sodium-nitroprusside (SNP, 10−4 mol). 

Endothelium-dependent coronary vasodilatation was assessed 
after intracoronary admin- istration of a single bolus of 

acetylcholine (ACh, 10−7 mol

Myocardial contractility characterized by the load-independent 
indexes Ees (slope of end-systolic pressure-volume relationship 

(ESPVR) and preload recruitable stroke work (PRSW) 

Study method



(Custodiol-N) 

superior cardiac and 
endothelial protection 

compared to 
Custodiol



111 case
2008-2011



The use of Custodiol was safe and provided improved 
perioperative renal function compared with lactated Ringer’s 

solution.



Del- Nido





a single 20-mL/kg dose 
antegrade at 8– 12C through a 

recirculating delivery system



reduces energy 

consumption, 

blocks calcium 

entry into the 

intracellular 

environment, 

scavenges hydrogen 

ions, preserves high-

energy phosphates, 

Lower intracellular 
calcium levels and 

less frequent 
spontaneous 
contractions. 

The unique 
formulation 



Short-term outcomes in adult cardiac surgery using del Nido solution were acceptable 

and comparable to conventional multi-dose whole blood cardioplegia. 





Low defibrilator
need

Lower CPB and 
AOX

Low Af incidence

Higher CPKMB



Although the proposed benefits of DNP are attractive, the lack of a well-structured protocol for its 

use is a major limitation, 

The safety margin of DNP for use in the ischemic myocardium has not been well established to date. 

The need for a hot shot or additional calcium-chelating agent, like citrate phosphate dextrose, during 

reperfusion after single-dose CP, such as DNP, is another area which requires further investigation

Though the concerns in using a single-dose, long- acting, extracellular CP 
solution like DNP for achieving a depolarized ischemic arrest in the adult 
heart are justified, the initial reports of its use are encouraging, as already 

outlined



Similar outcome

Less cardioplegia volume





- Shorter cross clamp and 

CPB times, 

- Reduces cardioplegia

dosage, 

- Better myocardial 

protection in terms of 

LVEFpreservation, 

-with a safety profile 

comparable to ST 

cardioplegia.



DN cardioplegia’s administration in a continuous retrograde fashion with a 
patent IMA is believed to provide adequate myocardial protection while avoiding 

injuring the IMA through dissection and clamping.

Redo 
CABG



RCT

40 patients

Double valve +/- CABG

Comparison Del Nido and St. Thomas cardioplegia effect on clinical outcomes of adult 
patients undergoing complex heart valve surgery     

Primary Endpoint:
LV Function & post –op MI

Secondary endpoint:
AOX, CPB, Arrhythmia, 
Hospital Stay, Mortality

Ghavidel et al. 2016

Conclusion:

Del- Nido for aduld cardiac complex surgeries is

Safe 
Effective

Time saving
Comparable with standard cardioplegia solution 



Cardioplegic Blood 



RCT

100 patient

CABG

primary end point

Post –op

Arrythmia



Kcl 44 Meq

Nacl 147 Meq

Mg 64 Meq

Ca 4.5 Meq

Osmolarity 300-320

PH 7.30-7.40

Cardioplegic Blood      Shaheed Ghazi co. Tabriz/Iran

50 ml in 1000 Ringer     4 degree of celsius



The spontaneous return of heart rate was higher (P-value = 0.02, 64% for 

procaine hydrochloride and 42% for lidocaine

Required values for lidocaine and magnesium (P = 0.02) 
and inotrope (P = 0.04) were also relatively lower 

Cardioplegic solution volumes were slightly higher in 
procaine hydrochloride. 

It does not have any significant effects on decreasing 
arrhythmia after opening of the aortic valve and is not 

preferable to the cardioplegic solution containing lidocaine



Thank you


