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Abstract

Cardiac surgery patients now tend to be sicker with more severe disease; consequently, improved protection is important. We compared
St Thomas’ Hospital solution (STH2: hyperkalaemia and hypermagnesaemia) to a hypermagnesaemia-alone cardioplegia (RS-C) based on a
novel non-phosphate buffered crystalloid solution (Aqix RS-I). Isolated Langendorff-perfused rat hearts were used (function measured).�

Initial studies established optimal magnesium concentration as 25 mmol/l (LVDP recovery after 50 min at 37 8C global ischaemia (GI) for
16, 25, 35, 50 mmol/l magnesium vs. STH2 was 48"3, 50"2, 50"3, 30"3 and 51"2%, respectively). Contracture-related measurements
(onset time, peak) for 25 mmol/l RS-C (32"1 min, 35"1 mmHg) compared favourable (P-0.05) to STH2 (26"1 min, 43"2 mmHg). LVDP
recovery after a single 2-min cardioplegic infusion (with RS-C-25 or STH2) and 20, 30, 40 or 50 min GI was higher for RS-C-25 than STH2
after 20 min GI (81"1% vs. 74"1%; wP-0.05x) but similar at other GI durations. Subsequent multi-infusion studies (60 min GI, 3=2 min
infusions every 20 min) demonstrated significantly improved recovery with RS-C-25 vs. STH2 (LVDP: 73"2%, 44"1% wP-0.001x; LVEDP:
9"2 mmHg, 45"2 mmHg wP-0.001x). We conclude that single RS-C infusion with optimal 25 mmol/l magnesium improved protection after
short (20 min) GI durations, or after multi-infusions during prolonged (60 min) GI durations. Magnesium-based cardioplegia may be a useful
alternative to hyperkalaemic cardioplegia under certain specific conditions.
� 2008 Published by European Association for Cardio-Thoracic Surgery. All rights reserved.
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1. Introduction

The demographic shift in cardiac surgery towards elderly
patients with more impaired ventricular function has
increased the operative risks w1x. However, myocardial
protection with hyperkalaemic cardioplegia has been used
with little change for more than 30 years, despite its known
limitations w2x. There is a need to explore improved meth-
ods of myocardial protection to delay the damaging effects
of global myocardial ischaemia, especially for high-risk
patients.

Increased extracellular magnesium in hyperkalaemic car-
dioplegic solutions has been shown to protect against
calcium overload during myocardial ischaemia and reper-
fusion w3, 4x, with efficacy observed in the aging myocar-
dium w5x. Magnesium can also act as a cardioplegic agent
per se, but is less effective at inducing arrest than potas-
sium unless used at high concentration w2x. However, in the
absence of hyperkalaemia, the optimal concentration of
magnesium required to induce arrest is unknown.

Recently, a novel non-phosphate buffered solution (Aqix�

RS-I; wTable 1x) has been reported to provide improved

*Corresponding author. Tel.: q44 207 1880958; fax: q44 207 1880970.
E-mail address: david.chambers@kcl.ac.uk (D.J. Chambers).

characteristics for isolated organ perfusion w6x by prevent-
ing metabolic inhibition attributed to phosphate-buffered
solutions.

In this study, we used RS-I as the base solution for
magnesium cardioplegia (RS-C) to investigate the optimal
protective concentration of magnesium for RS-C and eval-
uate its efficacy compared to the St Thomas’ Hospital
cardioplegic solution using single-dose or multidose
infusions.

2. Material and methods

2.1. Animals

Adult male Wister rats (240–300 g body weight) were
used (Bantin and Kingman, Hull, UK). All animals received
humane care in accordance with the Guidance on the
Operation of the Animals (Scientific procedure) Act of 1986
published by Her Majesty’s Stationery Office, London, UK.
Rats were anaesthetised with sodium pentobarbitone
(60 mgykg i.p.) and anticoagulated with heparin (1000
IUykg i.v.).

2.2. Heart isolation, perfusion and solutions

Hearts were excised, immersed in cold (4 8C) Krebs
Henseleit buffer (KHB: Table 1) and the aorta cannulated
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Table 1
Comparative composition of Aqix RS-I, Krebs Henseleit Buffer (KHB) and�

St Thomas’ Hospital cardioplegic solution No 2 (STH2)

Component Aqix RS-I� KHB STH2

NaCl 110.0 118.5 110.0
KCl 5.0 4.8 16.0
CaCl2 1.25 1.4 1.2
MgCl2 0.45 – 16.0
MgSO4 – 1.2 –
NaHCO3 25.0 25.0 10.0
KH PO2 4 – 1.2 –
BES 5.0 – –
D-Glucose 10.0 11.0 –
Glycerol 0.11 – –
L-Glutamate 0.30 – –
L-Glutamine 0.40 – –
L-Aspartate 0.02 – –
L-Carnitine 0.05 – –
Choline chloride 0.01 – –
TPP (cocarboxylase) 40.0 nmolyl – –
Human (recomb.) insulin 28.0 mIU – –

All units in mmolyl unless specified.

within 30 s for perfusion in the Langendorff mode with
KHB, oxygenated with 95% O : 5% CO , at constant pressure2 2

(75 mmHg) and temperature (37 8C). The pulmonary artery
was incised allowing free drainage of coronary effluent.

An ultrathin intraventricular balloon, attached to a pres-
sure transducer, was inserted into the left ventricle and
pressure recorded on a computer (Apple Computer Inc.,
Cupertino, CA) using the PowerLab system (ADInstruments
Ltd, Chalgrove, Oxfordshire, UK).

Hearts were equilibrated for 20 min aerobic perfusion
(37 8C) at a left ventricular end-diastolic pressure (LVEDP)
of 4.5–5.5 mmHg; baseline function (left ventricular sys-
tolic pressure (LVSP, mmHg), LVEDP (mmHg), heart rate
(beatsymin), and coronary flow rate (mlymin)) was meas-
ured and left ventricular developed pressure (LVDP) calcu-
lated (LVSP minus LVEDP).

Table 1 shows St Thomas’ Hospital cardioplegia No. 2
(STH2) and Aqix RS-I (prepared by dilution of 100 ml�

concentrate (Aqix Ltd, London, UK) to 1000 ml for RS-C
(MgSO added to 16, 25, 35, and 50 mmolyl). Cardioplegic4

infusions were delivered for 2 min at 37 8C and 45 mmHg.
At the time of baseline readings (20 min of aerobic

perfusion), hearts were excluded if acceptable levels of
LVDP ()100 mmHg), heart rate ()220 beatsymin), and
coronary flow rate (8–16 mlymin) were not met.

2.3. Experimental protocols

All hearts were subjected to a 20-min equilibration period
of aerobic KHB perfusion at 37 8C.

2.3.1. Study 1: optimal Mg concentration in RS-C
To determine the efficacy of increasing magnesium con-

centrations in RS-C in comparison to STH2, hearts were
randomised to five groups: Group 1: STH2 (ns6); Group 2:
16-Mg, RS-Iq16 mmolyl magnesium (ns7); Group 3: 25-
Mg, RS-Iq25 mmolyl magnesium (ns6); Group 4: 35-Mg,
RS-Iq35 mmolyl magnesium (ns6); Group 5: 50-Mg, RS-
Iq50 mmolyl magnesium (ns8); 50 min global 37 8C

ischaemia and 60 min reperfusion (recovery of function
measured).

2.3.2. Study 2: comparison of protective efficacy of
STH2 or RS-C-25 (single infusion)

The efficacy of single-dose (2 min) infusion of either RS-
C with 25 mmolyl magnesium (RS-C-25) or STH2 was com-
pared for global 37 8C ischaemic durations of 20, 30, 40,
or 50 min followed by 60 min reperfusion (recovery of
function measured). Hearts were randomised to one of
eight groups (ns6 per group): Group 1 (20-S): STH2 before
20 min ischaemia; Group 2 (20-R): RS-C-25 before 20 min
ischaemia; Group 3 (30-S): STH2 before 30 min ischaemia;
Group 4 (30-R): RS-C-25 before 30 min ischaemia; Group 5
(40-S): STH2 before 40 min ischaemia; Group 6 (40-R): RS-
C-25 before 40 min ischaemia; Group 7 (50-S): STH2 before
50 min ischaemia; Group 8 (50-R): RS-C-25 before 50 min
ischaemia.

2.3.3. Study 3: comparison of protective efficacy of
STH2 or RS-C-25 (multidose infusion)

The efficacy of multidose cardioplegia (RS-C-25 vs. STH2)
infused before and at 20 and 40 min during 60 min of global
37 8C ischaemia was examined. Hearts were randomised to
one of two groups (ns6 per group): Group 1 (multi-S):
multidose STH2 infusion; Group 2 (multi-R): multidose RS-
C-25 infusion, and 60 min reperfusion (recovery of function
measured).

2.4. Expression of results

Post-ischaemic recovery of LVDP, heart rate, and coronary
flow were expressed as a percentage of baseline values;
LVEDP was expressed in mmHg. Where applicable, ischaem-
ic contracture development was also measured (study 1
and 3). Measurements were: (1) contracture onset time
(minutes from when LVEDP increased by 4 mmHg from the
2 min ischaemia value); (2) 50% contracture time (minutes
to achieve half of peak); (3) peak contracture (mmHg).
Additionally, mechanical arrest time (s) and cardioplegic
infusion volume (ml) were measured in study 1 and 3,
respectively.

2.5. Statistics

Statistical analysis was performed with SPSS. Data are
mean"standard error of the mean. Comparisons between
groups were assessed for significance by analysis of variance
(ANOVA) or repeated measures ANOVA, as appropriate; if
significance was established, post-hoc analysis was assessed
by the Bonferroni test, which allowed for multiple compar-
isons. Within group comparisons were assessed by unpaired
t-tests, as appropriate. A value of P-0.05 was considered
statistically significant.

3. Results

There were no significant differences in any between
group values for LVDP, LVEDP, coronary flow rate, and heart
rate at 20 min of equilibration perfusion for each study.
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Fig. 1. Recovery of function and contracture in hearts subjected to study 1.
(a) Recovery of LVDP, expressed as a percentage of pre-ischaemic control
value at baseline. (b) Recovery of LVEDP, in mmHg, throughout the 60 min
reperfusion duration. (c) Temporal profiles for ischaemic contracture devel-
opment during 50 min ischaemia. Values are mean"standard error of the
mean. *P-0.05 for 50-Mg compared with all other groups; **P-0.01 for 50-
Mg compared with all other groups.

Table 2
Characteristics of mechanical arrest time (s) and ischaemic contracture: time to onset (min), time to 50% peak (min), and peak contracture (mmHg) in study
2 hearts

STH2 16-Mg 25-Mg 35-Mg 50-Mg
(ns6) (ns5) (ns6) (ns6) (ns6)

Mechanical arrest
Time to arrest (s) 22.0"2.1 88.6"6.5* 57.5"8.6* 40.5"3.4 31.2"4.4

Contracture
Time to onset (min) 26.1"0.7 30.7"0.3* 31.9"0.6* 29.1"0.9 29.8"1.3*
Time to 50% peak (min) 28.9"0.6 33.5"0.5* 34.0"0.6* 31.7"0.9 31.8"0.9
Peak (mmHg) 43.4"2.2 40.9"0.7 35.0"0.9* 41.3"0.9 39.4"2.4

*P-0.05 compared with the STH2 group.
In the 16-Mg group, two hearts were excluded due to failure to achieve arrest within the 2 min infusion period. In the 50-Mg group, two hearts were excluded

due to prolonged ventricular fibrillation.

3.1. Study 1: optimal Mg concentration in RS-C

3.1.1. Recovery of function
Postischaemic recovery of LVDP (Fig. 1a) for STH2 and 25-

Mg groups was almost identical, and slightly faster than
other groups. Final (60 min) recovery was similar for STH2,
16-Mg, 25-Mg, and 35-Mg groups, whereas 50-Mg group
hearts had worse (P-0.05) recovery than other groups.

Elevated postischaemic LVEDP (Fig. 1b) increased further
to peak values at 5 min, then declined throughout reper-
fusion whilst remaining higher than baseline, indicating
increased myocardial stiffness. LVEDP in the 50-Mg group
was significantly (P-0.01) higher than other groups
throughout reperfusion; no differences were seen between
other groups. Heart rate and coronary flow recovery were
similar (;100% and ;70%, respectively) in all groups.

3.1.2. Mechanical arrest and ischaemic contracture
characteristics

Mechanical arrest time (Table 2) was shorter with STH2
than all magnesium groups (with 16-Mg and 25-Mg being
significantly (P-0.05) longer).

Ischaemic contracture development (Fig. 1c and Table 2)
was earlier, more rapid and higher in the STH2 group, but
least in the 25-Mg group.

3.2. Study 2: comparison of protective efficacy of
STH2 or RS-C-25 (single infusion)

3.2.1. Recovery of function
Increasing durations of global ischaemia (20, 30, 40 or

50 min) decreased LVDP recovery similarly for STH2 (74"1,
73"2, 58"2, 51"2%) and RS-C-25 (81"1, 72"1, 59"2,
50"2) although RS-C-25 (20 min) was significantly
(P-0.01) higher than STH2. LVEDP increased similarly with
increasing ischaemic durations in STH2 and RS-C-25 groups,
except ischaemia where RS-C-25 (30 min) was significantly
(P-0.01) lower. Heart rate and coronary flow recovery
were similar in all groups.

3.3. Study 3: comparison of protective efficacy of
STH2 or RS-C-25 (multidose infusion)

3.3.1. Recovery of function
Multidose infusions of RS-C-25 (multi-R) significantly
(P-0.001) improved LVDP recovery (Fig. 2a) compared to

STH2 (multi-S). Similarly, LVEDP recovery (Fig. 2b) in multi-
R hearts was significantly (P-0.001) lower than multi-S
hearts. Heart rate and coronary flow recovery were also
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Fig. 2. Recovery of function and contracture in hearts subjected to study 3.
(a) Recovery of LVDP, expressed as a percentage of pre-ischaemic control
value at baseline. (b) Recovery of LVEDP, in mmHg, throughout the 60 min
reperfusion duration. (c) Temporal profiles for ischaemic contracture devel-
opment during 60 min ischaemia (multi-S: 3 cycles of multidose STH2
infusion; multi-R: 3 cycles of multidose RS-C-25 infusion). Values are mean
"standard error of the mean, 6 hearts per group. *P-0.001.

significantly (P-0.01) higher for multi-R compared to
multi-S hearts (data not shown).

3.3.2. Ischaemic contracture characteristics and
cardioplegic infusion volume

Ischaemic contracture (Fig. 2c) occurred earlier in multi-
S hearts (50% contracture time was 31.1"0.6 min vs.
55.6"1.0 min for multi-R, P-0.001), with increased peak
contracture (112.0"3.1 mmHg vs. 85.0"3.3 mmHg for
multi-R, P-0.001). Contracture onset time was not meas-
ured (see Fig. 2c for obvious differences).

First and second cardioplegic infusion volumes were sim-
ilar for multi-S (18.1"0.5 and 15.1"0.5 ml) and multi-R
(17.7"0.6 and 14.5"0.6 ml), but third infusion was signif-
icantly (P-0.001) lower (4.3"0.4 ml) in multi-S than
multi-R (12.8"0.6 ml).

4. Discussion

This study demonstrated that (i) a novel non-phosphate
buffered perfusion solution (Aqix RS-I) is effective as the�

basis for magnesium cardioplegic solutions (RS-C), with an
optimal magnesium concentration of 25 mmolyl in the
absence of hyperkalaemia, (ii) single RS-C infusion provides
equivalent cardioprotection to STH2 during various periods
of 37 8C global ischaemia, (iii) multiple RS-C infusions
improved cardioprotection compared to STH2 over pro-
longed (60 min) global 37 8C ischaemia.

Aqix RS-I, a novel non-inorganic phosphate perfusion solu-�

tion designed for use with any organ at all physiological
temperatures w6x, utilises the physiological buffering of
sodium bicarbonateycarbon dioxide and the zwitterionic
Good’s buffer, BES, giving an ideal pK over 10–37 8C toa

provide stable pH. It has similar osmolarity to serum
(286 mOsmolyl) with an ionic composition that maintains
isosmotic characteristics (Table 1). RS-I also contains a
number of essential substrates to retain metabolic homeo-
stasis of isolated tissues and organs and provide additional
protection w6x.

Although hyperkalaemia is the most consistently used
cardioplegic agent during cardiac surgery, many alterna-
tives have been examined and even used clinically. Mag-
nesium is one such agent, used at very high concentrations
(160 mmolyl) with considerable success w2x. However, we
are unaware of previous systematic characterisation studies
into the optimal magnesium concentration used alone as a
cardioplegic agent. In these studies, an optimal magnesium
concentration of 25 mmolyl was observed; higher concen-
trations were detrimental. Elevated magnesium is thought
to be associated with improved ATP availability and reduced
ATP utilisation w4, 7, 8x. This should influence ischaemic
contracture development w7x, confirmed in these studies
with delayed contracture development compared to hyper-
kalaemia when used either as single- or multi-dose infu-
sions. This is likely to be associated with direct reduction
in intracellular calcium accumulation w8x, possibly via its
calcium antagonist effects w9x. Magnesium inhibits L-type
calcium channels, sodiumycalcium exchange, sarcoplasmic
reticulum calcium release and calcium binding to troponin
C w10x. All these effects may have influenced the benefit
seen with RS-C compared to STH2.

The formulation of cardioplegic solutions has been contro-
versial since their development, especially the relative
ratio of cations. In hyperkalaemic solutions and normo-
thermic ischaemia, optimal protection required reciprocal
magnesium and calcium concentrations w11x; however,
hypothermia influenced this relationship, with optimal pro-
tection requiring a lower calcium concentration for any
given magnesium concentration w12x. Thus, using RS-C
(1.25 mmolyl calcium) at hypothermia may require mag-
nesium to be higher than the optimal 25 mmolyl obtained;
hence, further hypothermic studies would be important.

The relationship between magnesium and potassium in
cardioplegia, however, has not been assessed. Magnesium
causes effects similar to hyperkalaemia, including
decreased atrioventricular conduction, decreased intra-
ventricular conductance and sinus node suppression w13x.
Supplemental magnesium facilitates asystole at lower
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potassium concentrations; therefore, the optimal cardio-
plegic magnesium concentration with normokalaemia
should be high. This explains our findings of 25 mmolyl
optimal magnesium concentration in Aqix RS-I (at�

5.0 mmolyl potassium).
Surprisingly, multidose infusions (study 3) of RS-C-25
(multi-R) improved protection compared to STH2 (multi-
S), especially as no differences between RS-C-25 and STH2
occurred with single infusions prior to relatively long (40
or 50 min) ischaemic durations (study 2). Magnesium reduc-
es sodium accumulation during ischaemia w14x, and multi-
dose STH2 infusions abolished intracellular sodium
increases whereas single infusions could only delay (by
;20 min) this increase w15x; thus, the higher magnesium
may influence the observed difference after 20 min ischae-
mia between RS-C and STH2, but not at the longer ischaem-
ic durations (study 2). The development of contracture in
the multi-S group (study 3) was also probably involved in
the reduced recovery (possibly influenced by the signifi-
cantly lower 3rd STH2 infusion volume), possibly indicating
calcium overload from reverse sodiumycalcium exchange
activity to correct sodium accumulation w14, 15x. This may
be particularly relevant in senescent myocardium (with
increasingly elderly cardiac surgery patients w1x) which is
more sensitive to ischaemia and has a 30% more rapid rise
in intracellular calcium than mature myocardium w5x.

4.1. Limitations of the study

The present study used healthy rat hearts; thus, any
effects on injured myocardium or solution maldistribution
would not be determined. It is also known that rat myocar-
dium is more responsive to magnesium than human w14x or
rabbit w7x myocardium, suggesting higher magnesium con-
centrations may be required for any clinical use of mag-
nesium cardioplegia. We have already alluded to the
potential differences between normothermia and hypother-
mia; crystalloid cardioplegia is invariably used at hypother-
mia and additional studies would be required. Caution
should, therefore, be exercised against extrapolating these
results to other species, especially humans.

These studies have demonstrated some interesting bene-
ficial effects for a magnesium-based cardioplegic solution
in the context of a novel non-phosphate buffered perfusion
solution (Aqix RS-I). In particular, the striking improvement�

in protection with multidose infusions of RS-C compared to
STH2 during prolonged ischaemia warrant further studies
to determine the efficacy of this potentially beneficial
alternative to hyperkalaemic arrest.

Acknowledgments

We are grateful to Dr Douglas Rees, Founder and CSO,
Aqix Ltd (UK), for advice regarding the use of Aqix RS-I�

and RS-C. We also thank Aqix Ltd for provision of Aqix RS-I�

used in this study.

References

w1x Dalrymple-Hay MJ, Alzetani A, Aboel-Nazar S, Haw M, Livesey S, Monro
J. Cardiac surgery in the elderly. Eur J Cardiothorac Surg 1999;15:61–
66.

w2x Chambers DJ. Mechanisms and alternative methods of achieving cardiac
arrest. Ann Thorac Surg 2003;75:S661–666.

w3x Hearse DJ, Stewart DA, Braimbridge MV. Myocardial protection during
ischemic cardiac arrest. The importance of magnesium in cardioplegic
infusates. J Thorac Cardiovasc Surg 1978;75:877–885.

w4x Brown PS Jr, Holland FW, Parenteau GL, Clark RE. Magnesium ion is
beneficial in hypothermic crystalloid cardioplegia. Ann Thorac Surg
1991;51:359–366; discussion 367.

w5x McCully JD, Levitsky S. Mechanisms of in vitro cardioprotective action
of magnesium on the aging myocardium. Magnes Res 1997;10:157–168.

w6x Kay MD, Hosgood SA, Harper SJ, Bagul A, Waller HL, Rees D, Nicholson
ML. Static normothermic preservation of renal allografts using a novel
nonphosphate buffered preservation solution. Transpl Int 2007;20:88–
92.

w7x Bersohn MM, Shine KI, Sterman WD. Effect of increased magnesium on
recovery from ischemia in rat and rabbit hearts. Am J Physiol 1982;
242:H89–93.

w8x Steenbergen C, Murphy E, Watts JA, London RE. Correlation between
cytosolic free calcium, contracture, ATP, and irreversible ischemic
injury in perfused rat heart. Circ Res 1990;66:135–146.

w9x Iseri LT, French JH. Magnesium: nature’s physiologic calcium blocker.
Am Heart J 1984;108:188–193.

w10x Chakraborti S, Chakraborti T, Mandal M, Mandal A, Das S, Ghosh S.
Protective role of magnesium in cardiovascular diseases: a review. Mol
Cell Biochem 2002;238:163–179.

w11x Takemoto N, Kuroda H, Mori T. The reciprocal protective effects of
magnesium and calcium in hyperkalemic cardioplegic solutions on
ischemic myocardium. Basic Res Cardiol 1992;87:559–569.

w12x Takemoto N, Kuroda H, Hamasaki T, Hara Y, Ishiguro S, Mori T. Effect
of magnesium and calcium on myocardial protection by cardioplegic
solutions. Ann Thorac Surg 1994;57:177–182.

w13x Shine KI. Myocardial effects of magnesium. Am J Physiol 1979;
237:H413–423.

w14x Shattock MJ, Hearse DJ, Fry CH. The ionic basis of the anti-ischemic
and anti-arrhythmic properties of magnesium in the heart. J Am Coll
Nutr 1987;6:27–33.

w15x Schepkin VD, Choy IO, Budinger TF, Young JN, DeCampli WM. Multi-dose
crystalloid cardioplegia preserves intracellular sodium homeostasis in
myocardium. J Mol Cell Cardiol 1999;31:1643–1651.

eComment: Myocardial protection: efficacy of a novel magnesium-based
cardioplegia (RS-C) compared to St Thomas’ Hospital cardioplegic solution

Authors: Leo A. Bockeria, Bakoulev Center for Cardiovascular Surgery,
121552 Moscow, Russia; Ruben R. Movsesyan, Dmitriy V. Ryabtsev, Tigran
R. Grigoryants

doi:10.1510/icvts.2008.181057A
In spite of the fact that St. Thomas’ Hospital solution is commonly used,

there are some well known disadvantages. First of all, the slight buffer base
makes difficulties during a prolonged ischaemia. But the new buffered
solution might improve cardiac protection w1x. In relation to the electrolytic
part we need to be more exact. Potassium is absent in the described solution
so histiocytes that accumulate calcium, can be damaged w2x. Calcium can
not leave a cell because magnesium blocks the cells penetrability. At present
a low-calcium solution (Custodiol HTK solution) is used for calcium elimina-
tion, but the described solution is maladapted for it. We conclude that the
new non-potassium solution still requires long-term experimental and clinical
research.

References

w1x Maruyama Y, Chambers DJ. Myocardial protection: efficacy of a novel
magnesium-based cardioplegia (RS-C) compared to St Thomas’ Hospital
cardioplegic solution. Interact CardioVasc Thorac Surg 2008;7:745–749.

w2x Ledingham SJ, Braimbridge MV, Hearse DJ. Improved myocardial pro-
tection by oxygenation of St. Thomas’ Hospital cardioplegic solutions.
Studies in the rat. J Thorac Cardiovasc Surg 1988;95:103–111.

 by on September 30, 2008 icvts.ctsnetjournals.orgDownloaded from 

http://icvts.ctsnetjournals.org


DOI: 10.1510/icvts.2008.181057 
2008; 

 2008;7:745-749; originally published online Jun 11,Interact CardioVasc Thorac Surg
Yuji Maruyama and David J. Chambers 

 compared to St Thomas' Hospital cardioplegic solution
Myocardial protection: efficacy of a novel magnesium-based cardioplegia (RS-C)

This information is current as of September 30, 2008 

 & Services
Updated Information

 http://icvts.ctsnetjournals.org/cgi/content/full/7/5/745
including high-resolution figures, can be found at: 

 References
 http://icvts.ctsnetjournals.org/cgi/content/full/7/5/745#BIBL

This article cites 15 articles, 7 of which you can access for free at: 

 Citations
 http://icvts.ctsnetjournals.org/cgi/content/full/7/5/745#otherarticles

This article has been cited by 1 HighWire-hosted articles: 

 Permissions & Licensing
 icvts@ejcts.chits entirety should be submitted to: 

Requests to reproducing this article in parts (figures, tables) or in

 Reprints
 icvts@ejcts.ch

For information about ordering reprints, please email: 

 by on September 30, 2008 icvts.ctsnetjournals.orgDownloaded from 

http://icvts.ctsnetjournals.org/cgi/content/full/7/5/745
http://icvts.ctsnetjournals.org/cgi/content/full/7/5/745#BIBL
http://icvts.ctsnetjournals.org/cgi/content/full/7/5/745#otherarticles
http://icvts.ctsnetjournals.org

	Myocardial protection: efficacy of a novel magnesium-based cardioplegia (RS-C) compared to St Thomas' Hospital cardioplegic ...
	Introduction
	Material and methods
	Animals
	Heart isolation, perfusion and solutions
	Experimental protocols
	Study 1: optimal Mg concentration in RS-C
	Study 2: comparison of protective efficacy of STH2 or RS-C-25 (single infusion)
	Study 3: comparison of protective efficacy of STH2 or RS-C-25 (multidose infusion)

	Expression of results
	Statistics

	Results
	Study 1: optimal Mg concentration in RS-C
	Recovery of function
	Mechanical arrest and ischaemic contracture characteristics

	Study 2: comparison of protective efficacy of STH2 or RS-C-25 (single infusion)
	Recovery of function

	Study 3: comparison of protective efficacy of STH2 or RS-C-25 (multidose infusion)
	Recovery of function
	Ischaemic contracture characteristics and cardioplegic infusion volume


	Discussion
	Limitations of the study

	Acknowledgements
	References


