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Abstract

Objective Custodiol® and St. Thomas cardioplegia are widely employed in mini-thoracotomy mitral valve (MV) opera-
tions. One-dose of the former provides 3 h of myocardial protection. Conversely, St. Thomas solution is usually reinfused
every 30 min and safety of single delivery is unknown. We aimed to compare single-shot St. Thomas versus Custodiol®
cardioplegia.

Methods Primary endpoint of the prospective observational study was cardiac troponin T level at different post-operative
time-points. Propensity-weighted treatment served to adjust for confounding factors.

Results Thirty-nine patients receiving St. Thomas were compared with 25 patients receiving Custodiol® cardioplegia; cross-
clamping always exceeded 45 min. No differences were found in postoperative markers of myocardial injury. Ventricular
fibrillation at the resumption of electric activity was more frequent following Custodiol® cardioplegia (P =.01).
Conclusion Effective myocardial protection exceeding 1 h of ischemic arrest can be achieved with a single-dose St. Thomas
cardioplegia in selected patients undergoing right mini-thoracotomy MV surgery.

Keywords Minimally invasive surgery - Crystalloid cardioplegia - Myocardial protection - Cardiopulmonary bypass -
Mitral valve repair

Abbreviations Introduction

MV Mitral valve

EAC Endo-aortic clamp Adequate and safe myocardial protection is essential to

cIn-T  Cardiac troponin T ¢Tn-T achieve optimal results in cardiac surgery, regardless of the

CK-MB  Creatinine kinase-myocardial band type of surgical procedure and the approach. Suboptimal

ECG Electrocardiogram myocardial protection during cardiopulmonary bypass is
an independent predictor of perioperative adverse events,
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mini-thoracotomy cardiac operations. A single dose of Cus-
todiol® enables up to 3 h of safe cardioplegic arrest and it is
consequently chosen in case prolonged aortic cross-clamping
is anticipated, most commonly in case of complex MV repair
[2-9]. However, the overall safety and efficacy of Custo-
diol® compared to St. Thomas and cold blood cardioplegia
remains debated, and controversial data have been reported
in animals and humans [10-12]. Moreover, concerns have
been raised regarding hyponatremia and acidosis following
the rapid administration of the required high volume of the
Custodiol® solution [9, 13]. Conversely, main drawback of
the St. Thomas solution is the need for repetitive dosing
(every 30 min) to ensure adequate myocardial protection. In
the case cardioplegic arrest is judged to last less than 60 min,
however, single-shot St. Thomas solution administration has
been largely employed in right mini-thoracotomy cardiac
operations at our Institution during the past 15 years. Inter-
estingly, effective myocardial protection has been observed
also after longer than anticipated cross-clamp times.

The aim of this study was to compare the efficacy and
safety of myocardial protection provided by a single-dose
administration of St. Thomas compared to Custodiol® solu-
tion in patients undergoing right mini-thoracotomy MV
surgery.

Materials and Methods
Study Design

A single-institution, prospective observational study was
performed on patients undergoing right mini-thoracotomy
MYV surgery and myocardial protection with a single dose of
St. Thomas 1 or Custodiol® cardioplegic solutions. Patient
enrollment was undertaken during a 5-year span between
2014 and 2018.

Primary outcome was the evaluation of cardiac troponin T
(cTn-T) levels measured at different time-points after surgery,
i.e., immediately after weaning from cardiopulmonary
bypass and 6, 12, and 24 h thereafter. Secondary outcomes
were ventricular fibrillation as first rhythm after cross
clamp release, the occurrence of post-operative myocardial
infarction, postoperative creatinine kinase-myocardial band
(CK-MB), creatinine kinase (CK), and lactate levels at the
same time-points, the occurrence of low cardiac output
syndrome, and the need for postoperative inotropic support.

Patients undergoing MV surgery via right mini-thora-
cotomy were included in the study. Exclusion criteria were
urgent or emergency surgery, left ventricular ejection frac-
tion lower than 40%, more than mild aortic regurgitation, any
history of coronary artery disease, and concomitant atrial
fibrillation ablation. Associated procedures included tricus-
pid surgery and/or atrial septal defect closure. Reoperations

were included except for prior coronary artery bypass graft-
ing, irrespective of patent grafts. Patients requiring a sec-
ond cross-clamping or who received a repeated administra-
tion of St. Thomas 1 cardioplegia for longer than expected
ischemic times were also dropped out. The study protocol
was reviewed and approved by the Institutional Ethics Com-
mittee (protocol number 0063123, June 18, 2014).

All patients were assessed with a preoperative electro-
cardiogram (ECG) and echocardiogram. After the surgi-
cal procedure, patients were investigated for ECG abnor-
malities and new-onset hypokinetic or akinetic segments at
echocardiography.

During the study period, minimally invasive mitral
valve surgery was performed by 3 surgeons; the study was
designed at the end of the learning curve of all of them.

Definitions

Postoperative myocardial infarction was defined as cTn-T
value > 10 times the 99" percentile of the upper reference
limit during the first 48 h with ECG abnormalities and/
or angiographic or imaging evidence of new myocardial
ischemia/new loss of myocardial viability [14]. Upper
reference limit for CK-MB and for ¢Tn-T were five ng/mL
and 50 ng/L, respectively. Low cardiac output syndrome
refers to cardiac index lower than two L/min/m? and systolic
blood pressure lower than 90 mmHg, in conjunction with
signs of tissue hypoperfusion (cold periphery, clammy
skin, confusion, oliguria, elevated lactates level) in the
absence of hypovolemia [15]. Inotropic support was
administered with the primary goal of maintaining a
mean arterial pressure above 60 mmHg and cardiac index
more than two L/min/m?. Vasoactive-inotropic score
indicates the amount of cardiovascular support by various
inotropes or vasopressors during the first 24 h after the
surgical procedure. The score was calculated as follows:
dopamine dose (pg/kg/min) + dobutamine dose (pg/kg/
min) + 100 X epinephrine dose (pg/kg/min) 4 10 X milrinone
dose (pg/kg/min)+ 10.000 x vasopressin dose (U/kg/
min) + 100 X norepinephrine dose (pg/kg/min) [16].
Postoperative stroke refers to a new, permanent neurological
disability or deficit. Perioperative mortality included all
deaths occurring during hospitalization or within 30 days
of the procedure.

Surgical Procedure and Myocardial Protection

Right mini-thoracotomy approach with perfusion strategies
and aortic clamping techniques used at our Institution have
been previously described [17-19]. All comers for MV surgery
routinely undergo a full preoperative work-up for the mini-
mally invasive approach based upon clinical history and anat-
omy with the aim to be allocated either to retrograde arterial
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perfusion with transthoracic or EAC or antegrade arterial per-
fusion with transthoracic aortic cross-clamping [17-19].

The choice of Custodiol® (25 ml/kg) or St. Thomas 1
(1 L induction dose, 500 ml maintenance when repeated)
cardioplegia for myocardial protection was dictated by the
estimated complexity of the procedure, and thus of ischemic
time, and on the surgeon’s preference. Custodiol® is primar-
ily preferred in case of planned prolonged procedures, typi-
cally complex MV repair, because a single dose may enable
up to 3 h of safe cardiac arrest before redosing; St. Thomas
is usually preferred in case of planned less than 60-min pro-
cedures, such as MV replacement or simple MV repair.

Both cardioplegic solutions were administered as a single
dose, with no additional topical cooling, nor retrograde
cardioplegia through the coronary sinus in any patient. In the
Custodiol® group, hyponatremia was treated with a hemofilter
on the cardiopulmonary bypass circuit, or prevented by direct
aspiration of cardioplegia through a minimal right atrial
incision and temporary bicaval snaring. All patients were
systemically cooled to 30 °C. Clamp release was obtained at
the end of appropriate air venting at a body temperature above
33 °C. All patients received 20 g of mannitol intravenously,
after starting cardiopulmonary bypass and during rewarming,
after reaching 33 °C or higher core temperatures.

Statistical Analysis

Continuous data are presented as mean and standard deviation or
median and interquartile range depending on data distribution,
whereas categorical variables are presented as rate and propor-
tion. In univariate analysis continuous variables were compared
using unpaired 7 or Wilcoxon-Mann—Whitney tests according
to distribution type. Categorical variables were compared with
the use of the chi-square test or Fisher exact test, as appropriate.

A matched analysis using propensity score was performed to
reduce possible differences between groups and obtain unbiased
estimation of the treatment effect. The propensity score of
receiving St. Thomas versus Custodiol® solution was estimated

using multivariable logistic regression analysis with the type of
solution as dependent variable. The a priori selected variables
were as follows: age, gender, vasculopathy, Euroscore II,
previous cardiac surgery procedures, ejection fraction, subtype
of MV disease, and technique of aortic clamping. All variables
were obtained before right mini-thoracotomy MV surgery. The
genetic matching method without replacement was used to
match patients treated with St. Thomas and Custodiol® solution
[20]. Genetic matching method achieves covariates balance and
minimizes bias related to data replacement or arbitrary caliper
matching [21]. Analyses were performed before and after
matching. Standard differences were used to test balance and
to compare the difference in the covariate between the pre- and
post-matched sample, since the calculation is not dependent on
sample size. A standardized difference is the difference in means
between groups, dived by the (pooled) standard deviation:
values <0.1 indicate adequate balance [22].

To examine the temporal effect across groups, St. Thomas
solution versus Custodiol® solution during the 24-h obser-
vation period after surgery, a mixed-linear regression model
for repeated measures was applied. All statistical tests were
two-sided and p values of 0.05 or less were considered statis-
tically significant. Stata (Stata-Corp, College Station, TX),
R Package “Matchlt” (R Foundation for Statistical Com-
puting, http://www.r-project.org/), and SAS (SAS Institute,
Cary, NC) software packages were used for computations.

Results

During the study period, 566 patients underwent right mini-
thoracotomy MV surgery at our Institution. One-hundred
eighty-seven patients met the inclusion criteria for the study,
with 39 and 148 patients receiving St. Thomas 1 or Custodiol®
solution, respectively. Before matching, groups were not
comparable with respect to age, gender, baseline creatinine,
peripheral vascular disease, atrial fibrillation, EuroSCORE
I, previous cardiac surgery and ejection fraction (Table 1).

Table 1 Patients’ characteristics

X : Characteristic Before matching After matching
before and after matching
St. Thomas HTK St diff HTK St diff
(n=39) (n=148) (n=25)
Age (yrs) 68.6+13.4 61.4+124 0.56 65.8+15.3 0.19
Female 24 (61.5%) 51 (34.5%) 0.56 14 (56%) 0.11
EuroSCORE II (%) 9.7+11.3 39+3.1 0.71 6.6+4.1 0.38
Ejection fraction (%) 58.5+8.4 62.9+7.1 -0.58 61.8+4.5 -0.50
Previous cardiac surgery 6 (15.4%) 4 (2.7%) 0.45 1 (4%) 0.39
Peripheral vascular disease 14 (35.9%) 30 (20.3%) 0.35 10 (40%) -0.08
Endo-aortic clamp 12 (30.8%) 79 (53.4%) -0.33 7 (28%) -0.06
Aortic cross-clamp time (min) 78.1+24.5 100.5+25.6 -0.90 84.2+23.6 -0.25

HTK, hystidine-triptophan-ketoglutarate; St diff, standardized mean difference
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After matching, all 39 patients in the St. Thomas group were
compared with 25 patients receiving Custodiol® cardioplegia.
Treatment groups were similar with respect to preoperative
characteristics, type of MV surgery and combined procedures,
aortic clamping technique, and cardiopulmonary bypass
and aortic cross-clamp times (Tables 1 and 2). No cases of
myocardial infarction or low cardiac output syndrome were
reported. No ECG abnormalities or new hypokinetic or akinetic
area were highlighted on postoperative echocardiograms. No
differences between groups were recorded in terms of inotropic
support requirements, intensive care unit or hospital length of
stay, and perioperative mortality, whereas a higher incidence of
spontaneous ventricular fibrillation after aortic clamp release
was observed in the Custodiol® group in spite of a mean cross-
clamp time of 84 + 19 min (5 cases versus none, p=0.01). Aortic
cross-clamp time exceeded 45 min in all patients, and was less
than 60 min in only eight. Median cross-clamp times were
73 min (Q;—-Q3, 60-90) in the St. Thomas group and 80 min
(Q,—03, 64-99) in the Custodiol® group. Finally, no differences
were found in the release of myocardial markers, lactate levels,

Table 2 Baseline characteristics, surgical data, and outcome after
propensity score matching

Characteristic St. Thomas HTK P value
(n=39) (n=25)
BMI (kg/m2) 252+3.4 24.4+4.3 48
Creatinine (mg/dL) 1.1+£0.3 1+£0.5 45
CKD >4 or dialysis 5 (12.8%) 2 (8%) .69
Diabetes 6 (15.4%) 5 (20%) 79
COPD 3(7.7%) 3 (12%) .67
Mitral valve repair 11 (47.8%) 11 (44%) 28
Tricuspid valve surgery 4 (10.3%) 4 (16%) .70
ASD closure 4 (10.3%) 1(4.2%) .64
CPB time (min) 103 (88-128) 116 (102-139) .11
Cross-clamp time (min) 73 (60-90) 80 (64-99) 27
Endo-aortic clamp 12 (30.8%) 7 (28%) >.99
Fibrillation after unclamping 0 5 (20%) .01
Mechanical ventilation (hrs) 12 (10-17) 11 (10-16) 51
Mechanical ventilation >72h 6 (15.4%) 0 .07
Inotropic support 31(79.5%) 20 (80%) .61
Stroke 1(2.6%) 0 >.99
Dialysis 2(5.1%) 1(4.2%) >.99
Re-exploration for bleeding 1 (2.6%) 1(4.2%) >.99
ICU stay (days) 1(1-2) 1(1-1) 15
Hospital stay (days) 7 (6-8) 7 (6-8) 93
Perioperative mortality 1(2.6) 0 >.99

HTK, hystidine-triptophan-ketoglutarate; BMI, body mass index;
CKD, chronic kidney disease; COPD, chronic obstructive pulmonary
disease; ASD, atrial septal defect; CPB, cardiopulmonary bypass;
ICU, intensive care unit

and vasoactive-inotropic score at different time-points after
surgery (Table 3 and Fig. 1).

Discussion

Our approach for right mini-thoracotomy cardiac surgery
has been standardized over the last 15 years in more than
1500 cases with the use of St. Thomas type 1 or Custodiol®
crystalloid solutions for myocardial protection. The type of
cardioplegia is chosen according to the anticipated dura-
tion of the procedure and to the surgeon’s preference. In
comparison with other cardioplegic strategies, St. Thomas
or Custodiol® cardioplegia may allow the avoidance of mul-
tiple doses administration, which intrinsically necessitates
repetitive repositioning of the heart and left atrial retractor
for adequate cardioplegia delivery. These maneuvers are
particularly tedious and time-consuming in the minimally
invasive setting, and may ultimately favor the deleterious
consequences of prolonged myocardial ischemia. Moreover,
they can cause dislodgment of the EAC, when used, increas-
ing the risk of myocardial suboptimal perfusion.

Several studies comparing different types of cardioplegia
have been reported with controversial results [23-25]. A
recent multivariate analysis from the Society of Thoracic
Surgeons (STS) database on 4976 isolated minimally
invasive MV procedures showed that crystalloid and blood/
crystalloid cardioplegia were associated with significant
increased risk of mortality and of longer ICU stay compared
with blood cardioplegia [1]. However, myocardial biomarkers
and postoperative cardiac function are lacking in the STS
database, and the specific type of solution administered for
cardiac protection is not precisely reported. For example, the
Del Nido solution is categorized as “blood cardioplegia”,
despite a blood/crystalloid ratio of 1:4 [26]. These biases may
potentially weaken the results of the analysis.

On the counterpart, other studies comparing crystalloid
and cold blood cardioplegic solutions in patients undergoing
right mini-thoracotomy MV operations highlighted equiva-
lent or even better outcomes in the former in terms of mor-
tality, myocardial injury enzyme release, arrhythmias, and
early complications [7, 23, 27-30]. These issues are crucial
in minimally invasive surgery, particularly with the EAC
setting, where a blood solution may significantly impact
the delivery line resistances, and repeated administration of
cardioplegia could lead to displace the EAC itself causing
suboptimal coronary arteries perfusion.

In the minimally invasive setting, a single-shot, long-last-
ing dose of crystalloid cardioplegia is definitely straightfor-
ward and less time-consuming; therefore, crystalloid solu-
tions are largely preferred. Custodiol® is primarily preferred
in case of planned prolonged procedures, typically complex
MYV repair, because a single dose may enable up to 3 h of
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Table 3 Markers of myocardial
injury and cardiac output at
different postoperative time-
points

Hours after CPB P value
0 6 12 24
c¢Tn-T (ng/mL)
St. Thomas  550.6 (496) 757.4 (603.3) 721 (564.2) 664.6 (651.2)
HTK 665.9 (380.3) 885.9 (436.6) 763.2 (483.2) 799.5 (834) 48
CK-MB (ng/mL)
St. Thomas  38.4 (30.5) 46.9 (36) 43.4 (32) 34.6 (28.6)
HTK 45.8 (28.2) 49.6 (24.7) 41.1(19.3) 36.7 (20.4) 41
CK (U/L)
St. Thomas  986.5 (595.2) 1135.1 (669.5) 1107.3 (617.2) 892.9 (619.5)
HTK 1325.5 (633.6) 1362 (710.1) 1243.1 (859.7) 1069.5 (806.6) .10
VIS
St. Thomas 7.9 (14.3) 9.1 (14.2) 9.1 (16.9) 7.8 (18.4)
HTK 8.32 (10.9) 9.5 (14.5) 5.3(10.4) 1.7 (3.3) .53
Lactate (mmol/L)
St. Thomas 1.6 (1.5) 1.6 (1.8) 2(1.7) 1.8 (1.5)
HTK 1.1 (0.8) 1.4 (0.7) 1.8 (1.3) 1.4 (0.9) .30

CPB, cardiopulmonary bypass; cTn-T, cardiac troponin T; HTK, hystidine-triptophan-ketoglutarate; CK-
MB, creatine kinase myocardial band; CK, creatine kinase; VIS, vasoactive-inotropic score

Data are expressed as mean and standard difference

safe cardiac arrest before redosing. However, concerns have
been raised regarding the adequate myocardial protection of
the Custodiol® cardioplegia when compared to other crys-
talloid solutions [23, 31]. On the other hand, the administra-
tion of the St. Thomas cardioplegia is generally considered
safe if repeated every 30 min [32].
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Fig.1 ¢Tn-T and CK-MB activities. cTn-T: cardiac Troponin T;
CK-MB: creatinine kinase-myocardial band; HTK: hystidine-tripto-
phan-ketoglutarate
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Only few data exist in the literature regarding a direct
comparison between Custodiol® and St. Thomas cardio-
plegia. In a recent study focused on minimally invasive
MYV operations, the St. Thomas solution was associated
with lower postoperative cTn-T peak levels [31]. Inter-
estingly, the authors employed the St. Thomas 2 solution
as a single shot, advocating effective and safe myocardial
protection up to 2 h of cardioplegic arrest. Similarly, we
administered both solutions as a single dose and cross-
clamp times exceeded 45 min in all patients after match-
ing the groups. Besides, median aortic cross-clamp times
were 80 min in the Custodiol® group and 73 min in the
St. Thomas group, respectively. After propensity-weighted
adjustment, we observed no differences in myocardial
markers at specific time-points after surgery, lactate levels,
inotropic support, and early postoperative complications.
Although all cardiac markers were higher in the Custo-
diol® group, the difference did not reach significance.

In contrast, others have reported superior results with Cus-
todiol® compared to repeated-dose St. Thomas 2 cardiople-
gia [33, 34]. In both comparative studies, however, the patient
population was substantially different because it referred to
isolated coronary artery bypass grafting in one case and com-
plex congenital heart surgery in pediatric patients in the other.
In the latter, moreover, systemic cooling was carried out reach-
ing lower temperatures of 18-20 °C and mean cross-clamp
times exceeded two-and-a-half hours and were always longer
than 2 h. Consequently, results are unlikely to be compared
with minimally invasive MV valve operations in patients with
healthy vasculature and no coronary lesions.
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The only significant difference recorded was a higher rate of
ventricular fibrillation as first thythm after aortic clamp release
in the Custodiol® group, in analogy to previous reports which
demonstrated how the Custodiol® solution may trigger ven-
tricular fibrillation during myocardial reperfusion even when
not associated with high postoperative troponin levels [6, 8, 24].

Speculatively, the procaine contained in the St. Thomas
1 solution might have a protective role in this respect, espe-
cially if the aorta is unclamped during rewarming in near-
normothermic conditions.

St. Thomas solution administrated in one dose should be
prefer in cases in which the ischemic time is planned to be
shorter than 1 h; it allows the surgeon to maintain the ben-
efits of a single dose crystalloid cardioplegia and allows to
avoid the risk of hyponatremia and acidosis related to the
Custodiol® solution, and to avoid the need for caval snaring
and right atrium incision for the drainage of the solution.
Our experience shows that both type of cardioplegia should
be part of an effective program of minimally invasive MV
surgery and the choice of the type of cardioplegia to deliver
should be adapt on the surgical procedure.

Main limitations of this study are the single-center
observational design and the relatively small sample size.
Moreover, no data regarding more sensitive tools to asses
left ventricular function, such as echocardiography-based
speckle-tracking strain imaging, are reported.

Conclusions

Custodiol® and St. Thomas cardioplegic solutions are
largely employed for myocardial protection during mini-
mally invasive cardiac surgery: both allow surgeons to
minimize the need for repeated dosing maintaining optimal
exposure of the surgical field throughout the procedure and
are congruent with the EAC setting where a blood cardio-
plegic solution may significantly impact the delivery line
resistances and the balloon positioning. Effective myocardial
protection exceeding 1 h of ischemic arrest can be achieved
with a single-dose St. Thomas 1 solution. Results are compa-
rable to Custodiol® solution in selected patients undergoing
right mini-thoracotomy MV surgery.

Funding Open access funding provided by Universita degli Studi di Torino
within the CRUI-CARE Agreement.

Declarations

Ethics Approval The study protocol was reviewed and approved by the
Institutional Ethics Committee (protocol 0063123).

Conflict of Interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Loberman D, Pelletier MP, Yazdchi F, Aranki SF, Preisler Y,
Mohr R, et al. Myocardial preservation methods in isolated mini-
mal invasive mitral valve surgery: Society of Thoracic Surgeons
(STS) database outcomes. J Card Surg. 2020;35:163-73.

2. Bretschneider HJ, Hubner G, Knoll D, Lohr B, Nordbeck H,
Spieckermann PG. Myocardial resistance and tolerance to
ischemia: physiological and biochemical basis. J Cardiovasc Surg.
1975;16:241-60.

3. Chambers DJ. Mechanisms and alternative methods of achieving
cardiac arrest. Ann Thorac Surg. 2003;75:661-6.

4. Bretschneider HJ. Myocardial protection. Thorac Cardiovasc Surg.
1980;28:295-302.

5. Patel N, DeLaney E, Turi G, Stapleton T. Custodiol HTK car-
dioplegia use in robotic mitral valve. J Extra Corpor Technol.
2013;45:139-42.

6. Matzelle SJ, Murphy MJ, Weightman WM, Gibbs NM, Edelman
1], Passage J. Minimally invasive mitral valve surgery using
single dose antegrade Custodiol cardioplegia. Heart Lung Circ.
2014;23:863-8.

7. De Palo M, Guida P, Mastro F, Nanna D, Quagliara T, Rociola
R, et al. Myocardial protection during minimally invasive
cardiac surgery through right mini-thoracotomy. Perfusion.
2016;32:245-52.

8. Liul, Feng Z, Zhao J, Li B, Long C. The myocardial protection
of HTK cardioplegic solution on the long-term ischemic period
in pediatric heart surgery. ASAIO J. 2008;54:470-3.

9. Gatti G, Rauber E, Forti G, Benussi B, Gabrielli M, Gripari
C, et al. Safe cross-clamp time using Custodiol®-histidine-
tryptophanketoglutarate cardioplegia in the adult. Perfusion.
2019;34:568-717.

10. Fannelgp T, Dahle GO, Salminen PR, Moen CA, Matre K, Mong-
stad A, et al. Multidose cold oxygenated blood is superior to a
single dose of Bretschneider HTK-cardioplegia in the pig. Ann
Thorac Surg. 2009;87:1205-13.

11. Aarsather E, Stenberg TA, Jakobsen O, Busund R. Mechanoen-
ergetic function and troponin T release following cardioplegic
arrest induced by St Thomas’ and histidine-tryptophan-ketoglu-
tarate cardioplegia—an experimental comparative study in pigs.
Interact Cardiovasc Thorac Surg. 2009;9:635-9.

12. Gaudino M, Pragliola C, Anselmi A, Pieroni M, De Paulis S,
Leone A, et al. Randomized trial of HTK versus warm blood car-
dioplegia for right ventricular protection in mitral surgery. Scand
Cardiovasc J. 2013;47:359-67.

13. Ji B, LiuJ, Long C, Yang K, Zheng Z. Potential risk of hypona-
tremia using histidine-tryptophan-ketoglutarate solution dur-
ing pediatric cardiopulmonary bypass. Ann Thorac Surg.
2012;93:2120-1.

@ Springer


http://creativecommons.org/licenses/by/4.0/

198

Journal of Cardiovascular Translational Research (2023) 16:192-198

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow
DA, et al. The Executive Group on behalf of the Joint European
Society of Cardiology (ESC)/American College of Cardiology
(ACC)/ American Heart Association (AHA)/World Heart Federa-
tion (WHF) Task Force for the Universal Definition of Myocar-
dial Infarction Fourth universal definition of myocardial infarction
(2018). Eur Heart J. 2019;40:237-69.

Lomivorotov VV, Efremov SM, Kirov MY, Fominskiy EV, Kar-
askov AM. Low-Cardiac-Output Syndrome After Cardiac Surgery.
J Cardiothorac Vasc Anesth. 2017;31:291-308.

Gaies MG, Gurney JG, Yen AH, Napoli ML, Gajarski RJ, Ohye
RG, et al. Vasoactive-inotropic score as a predictor of morbidity
and mortality in infants after cardiopulmonary bypass. Pediatr Crit
Care Med. 2010;11:234-8.

Barbero C, Ricci D, El Qarra S, Marchetto G, Boffini M, Rinaldi
M. Aortic cannulation system for minimally invasive mitral valve
surgery. J Thorac Cardiovasc Surg. 2015;149:1669-72.

Barbero C, Marchetto G, Ricci D, Qarra S, Attisani M, Filippini
C, et al. Minimal access mitral valve surgery: impact of tailored
strategies on early outcome. Ann Thorac Surg. 2016;102:1989-94.
Barbero C, Rinaldi M. Preoperative vascular screening: a novel
breakthrough in minimal invasive mitral valve surgery. Interact
Cardiovasc Thorac Surg. 2017;24:368.

Sekhon JS, Grieve RD. A matching method for improving
covariate balance in cost-effectiveness analyses. Health Econ.
2012;21:695-714.

Radice R, Ramsahai R, Grieve R, Kreif N, Sadique Z, Sekhon JS.
Evaluating treatment effectiveness in patient subgroups: a com-
parison of propensity score methods with an automated matching
approach. Intern J Biostat. 2012;8:25.

Austin PC. (2016) A critical appraisal of propensity-score match-
ing in the medical literature between 1996 and 2003. Stat Med.
2008;27:2037-49.

Edelman JJ, Seco M, Dunne B, Matzelle SJ, Murphy M, Joshi P,
et al. Systematic review protocol: single-dose histidine-trypto-
phan-ketoglutarate vs. intermittent crystalloid or blood cardio-
plegia. Ann Cardiothorac Surg. 2013;2:717-28.

Braathen B, Jeppsson A, Scherstén H, Hagen OM, Vengen @, Rex-
ius H, et al. One single dose of histidine-tryptophan-ketoglutarate
solution gives equally good myocardial protection in elective mitral
valve surgery as repetitive cold blood cardioplegia: a prospective
randomized study. J Thorac Cardiovasc Surg. 2011;141:995-1001.

@ Springer

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Guru V, Omura J, Alghamdi AA, Weisel R, Fremes SE. Is blood
superior to crystalloid cardioplegia? A meta-analysis of rand-
omized clinical trials. Circulation. 2006;114:331-8.

Matte GS, del Nido PJ. History and use of del Nido cardioplegia
solution at Boston Children’s Hospital. J Extra Corpor Technol.
2012;44:98-103.

Hummel BW, Buss RW, DiGiorgi PL, Laviano BN, Yaeger NA,
Lucas ML, et al. Myocardial protection and financial considera-
tions of custodiol cardioplegia in minimally invasive and open
valve surgery. Innovations. 2016;11:420—4.

Vivacqua A, Robinson J, Abbas AE, Altshuler JM, Shannon
FL, Podolsky RH, et al. Single-dose cardioplegia protects
myocardium as well as traditional repetitive dosing: a
noninferiority randomized study. J Thorac Cardiovasc Surg.
2020;159:1857-63.

Sakata J, Morishita K, Ito T, Koshino T, Kazui T, Abe T. Compar-
ison of clinical outcome between histidine—tryptophan—ketoglutar-
ate solution and cold blood cardioplegic solution in mitral valve
replacement. J Card Surg. 1998;13:43-7.

Scrascia G, Guida P, Rotunno C, De Palo M, Mastro F, Pigna-
telli A. Myocardial protection during aortic surgery: comparison
between Bretschneider-HTK and cold blood cardioplegia. Perfu-
sion. 2011;26:427-33.

Mork C, Koechlin L, Schaeffer T, Schoemig L, Zenklusen U,
Gahl B, et al. Bretschneider (Custodiol®) and St. Thomas 2
cardioplegia solution in mitral valve repair via anterolateral
right thoracotomy: a propensity-modelled comparison. Mediat
Inflamm. 2019;1-7.

Ledingham SJM, Braimbridge MV, Hearse DJ. The St. Thomas’
Hospital cardioplegic solution. J Thorac Cardiovasc Surg.
1987;93:240-6.

Demmy TL, Molina E, Ward HB, Gorton ME, Kouchoukos NT,
Schmaltz RA, et al. Custodiol versus Plegisol: a phase 3 multicen-
tre myocardial protection study. Int J Angiol. 2008;17:149-53.
Lin YZ, Huang JB, Li XW, Tang XM, Lu WJ, Wen ZK,
et al. Clinical comparative analysis of histidine-tryptophan-
ketoglutarate solution and St. Thomas crystalloid cardioplegia:
a 12-year study from a single institution. Exp Ther Med.
2017;14:2377-82.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Single-Dose St. Thomas Versus Custodiol® Cardioplegia for Right Mini-thoracotomy Mitral Valve Surgery
	Abstract
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and Methods
	Study Design
	Definitions
	Surgical Procedure and Myocardial Protection
	Statistical Analysis

	Results
	Discussion
	Conclusions
	References




