
Ferraris Commentary
See Article page 161.
Commentary: Warm versus cold
cardioplegia: The devil is in
the details
The details of cardioplegia delivery are multiple,
almost too numerous to count.

CENTRAL MESSAGE

There are almost too many vari-
ations on the types and compo-
sitions of cardioplegic solutions
and delivery methods to count. A
meta-analysis helps.
Victor A. Ferraris, MD, PhD

In this issue of the Journal, Ming Kot and colleagues1 pre-
sent a meta-analysis of patients undergoing cardiac opera-
tions with either warm or cold cardioplegic arrest. The
authors performed a meta-analysis of publications retrieved
from all of the usual large publication databases (eg, Em-
base, Cochrane Library, PubMed) and identified studies
that compared warm and cold cardioplegic arrest during
cardiac operations. The authors concluded that there were
no differences in safety outcomes between these 2 methods
of temperature management of cardioplegia solutions. In
this comparison of cold versus warm cardioplegia delivery,
the authors simplified the multiple differences between car-
dioplegic solutions by focusing only on temperature and not
on the multiple combinations of ingredients and delivery
methods used in cardiac operations.

Cardioplegic solutions have some things in common,
including high potassium concentrations to induce arrest,
as well as a balanced electrolyte composition to mimic
whole blood electrolyte levels. However, variations in the
types and compositions of cardioplegic solutions, as well
as the abundance of delivery methods, are almost too
numerous to count. In sorting out differences in efficacy
and safety of cardioplegia delivery for ischemic arrest, the
“devil is in the details.” It seems exceedingly simplistic to
focus only on “warm versus cold” cardioplegia solutions
to induce cardiac arrest.
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The investigation of cardioplegic solutions and their ben-
efits is not a new area of study.2 Almost 30 years ago, Buck-
berg wrote an editorial suggesting that cardiac surgeons
“should refrain from an inflexible adherence to a single
approach for cardioplegia delivery based on an adversarial
position that results in a self-imposed and counterproduc-
tive dilemma.”3 Apparently his editorial did not hinder
the debate about types of cardioplegia and delivery
methods. Since that time, there have been more than 50
comparisons written about the value of cold versus warm
cardioplegia, crystalloid versus blood cardioplegia, ante-
grade versus retrograde delivery, and the value of all sorts
of cardioplegic solution additives. There is a robust litera-
ture investigating the value and safety of various cardiople-
gia solutions and administration techniques. In this issue of
the Journal, Ming Kot and colleagues sum up a portion of
this literature with their meta-analysis. In attempting to
sort out differences in the surgical results associated with
cardioplegic arrest during cardiac operations, it would be
helpful (almost mandatory) to categorize patients by the
exact method of cardioplegia delivery used and by the exact
compositions of the cardioplegic solutions administered. To
assume that cardioplegic arrest depends only on whether a
cold solution or a warm solution was used is simplistic at
best and possibly misleading at worst.
There are some uncertainties and some recognized limi-

tations in the myriad of cardioplegia compositions and in
the multiple delivery systems of cardioplegia:
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1. One method of cardioplegia delivery that requires scru-
tiny involves the delivery of cardioplegic solution
through saphenous vein grafts. The available data sug-
gest that certain cardioplegic solutions delivered through
vein grafts may cause marked vasomotor effects
including spasm, and ultimate compromise of saphenous
vein grafts.4

2. There may be a signal that warm cardioplegia is associ-
ated with adverse neurologic outcomes in certain pa-
tients with preexisting cerebrovascular disease.

3. Some questions about the choice of cardioplegia addi-
tives and delivery in children remain unanswered. Like-
wise, there are questions about the choice and delivery of
cardioplegia in patients with extended cross-clamp
times.5

4. There are some uncertainties about the impact of certain
cardioplegia additives on myocardial microRNA and the
regulation of myocardial gene expression.6

There have been multiple summaries and evidence-based
synopses of the types and delivery methods of cardioplegia
solutions. One well-written and rigorous evidence summary
was constructed by Jacob and colleagues,7 who used a struc-
tured protocol to obtain the best evidence about a comparison
of blood versus crystalloid cardioplegia solutions. A robust
literature search reviewed factors that affect cardioplegia
success, including warm or cold blood cardioplegia, ante-
grade and retrograde administration, systemic hypothermia
or normothermia, topical heart cooling, high and low potas-
sium solutions, “hot shots,” warm induction, volume of car-
dioplegia, patient factors, and bypass times. They screened
more that 500 publications and ultimately used 22 manu-
scripts to formulate the “best evidence for safe and effective
cardioplegia delivery.” Important findings from this sum-
mary suggest that (1) there was a lower incidence of low
output syndrome and CK-MB release with blood cardiople-
gia, and (2) therewas a statistically significant decreased car-
diac enzyme release associated with blood cardioplegia.
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Despite these apparent reported benefits associated with
blood cardioplegia, a survey of cardioplegia use in Britain
suggested that 56% of surgeons use cold blood cardiople-
gia, 14% usewarm blood cardioplegia, 14% use crystalloid
cardioplegia, 21% use retrograde infusion, and 16% do not
use any cardioplegia.

Summarizing findings is a difficult job, given the myriad
reports favoring one type or delivery method of cardiople-
gia. The current manuscript by Ming Kot and colleagues
provides an updated modern version of preferred cardiople-
gia delivery. It is quite likely that “one size does not fit all,”
but there is a recurring signal that blood cardioplegia has
some benefits that favor its use over crystalloid cardiople-
gia. As the complexity of cardiac procedures increases, a
“gray area” remains that requires more investigation with
regard to the nuances of cardioplegia types and delivery sys-
tems. So, despite the known benefits of blood cardioplegia,
there are still some unanswered questions that need to be
addressed.
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