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Background: Many steps of myocardial preservation during open heart surgery are practical after the development of the
heart-lung machine. A cardioplegia solution, infused after aortic cross clamping, is an important aspect. Two-thirds of
cardioplegia solutions are an intracellular solution (such as HTK or Bretschneider solution) or extracellular solution (such
as blood cardioplegia).

Intracellular cardioplegia solution can provide protection for 3-4 hours after one-time infusion, which differs from
extracellular cardioplegia solution requiring intermittent use every 20-30 minutes.
Material and Method: Retrospective case-control study in CABG patients were reviewed in Cardiovascular and Thoracic
Unit, Department of Surgery, Khon Kaen University during April 2011and September 2012.The study group was divided into
groups A and B, for myocardial protection by blood cardioplegia and Custodiol-HTK (Histidine-Tryptophan-Ketoglutarate)
solutions.

Baseline data such as age, sex, NYHA, risk factors, associated disease, operation, CPB time, aortic cross clamp
time, complication, defibrillation after surgery, ICU stay, length of stay and mortality rate were analyzed.
Results: The study patients in groups A and B were 60 and 65 cases. Defibrillation after finishing CABG in groups A, B was
8.3% and 33.8%. Mortality rate in groups A, B were 1.7% and 4.6%. Other post operative complications were similar in both
groups.
Conclusion: There was significantly more spontaneous ventricular fibrillation after release of cross clamping in HTK group.
Clinical outcome of single doses of antegrade, cold Custodiol-HTK cardioplegia solution in CABG surgery protected the
myocardium equally well as repetitive antegrade, cold blood cardioplegia.
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Cardioplegia arrest remains the current gold
standard for myocardial protection during open heart
surgery. Blood cardioplegia is now the most common
form of hyperkalemic cardioplegia(1,2). The blood
cardioplegia was mixed at a ratio of 1:4 (1 part of
hyperkalemic crystalloid solution and 4 part of blood)
inducing a rapid depolarized arrest. Nowadays, the
patients are older, sicker and more severe and diffuse
disease, requiring a more prolonged ischemic operative
time. Therefore, myocardial protection during open
heart surgery should be improved. Polarized cardiac
arrest by Custodiol-HTK (Histidine-Tryptophan-
Ketoglutarate) solution has some potential benefit and

advantages. We can operate on the heart without
interruption after single dose infusion(3-7).

The major aim of the study was to investigate
all relevant clinical outcome variables in triple coronary
artery disease patients. Comparison of two cardioplegia
solution groups of patients was studied.

Material and Method
One hundred and twenty-five patients who

underwent coronary artery bypass surgery (CABG)
between April 2011 and September 2012 were enrolled
in this study. All data were available at Srinagarind
Hospital and Queen Sirikit Heart Center of the
Northeast, Faculty of Medicine, Khon Kaen University.
Inclusion criteria of the patients in this study were triple
vessels coronary artery disease (TVD) who had
performed CABG. Exclusion criteria were previous
CABG, emergency surgery, LVEF less than 20% and
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Variables Blood Crystalloid p-value
(n = 60) (n = 65)

Age (years) 61.83+7.98 62.28+7.56 0.750
Male (%) 68.30 73.80 0.496
Female (%) 31.70 26.20 0.496
NYHA I (%) 10.00 12.30 0.683
NYHA II (%) 31.70 41.50 0.253
NYHA III (%) 36.70 26.20 0.205
NYHA IV (%) 21.70 18.50 0.654
Number of 75.00 63.10 0.151
previous MI (%)
Diabetic (%) 40.00 63.10 0.010
Cigarette smoking (%) 46.70 38.50 0.354
Hypertension (%) 60.00 72.30 0.238
Hyper- 28.30 47.70 0.045
cholesterolemia (%)
Renal disease (%)   1.70 16.90 0.005
Pre-operative   6.70   1.50 0.109
sinus rhythm (%)
Left main stem 43.30 40.00 0.706
disease (%)
Good (%) 55.00 55.40 0.966
Fair (%) 35.00 33.80 0.892
Poor (%) 10.00 10.80 0.888
IV inotropes prior to   8.30   9.20 0.860
anesthesia (%)
Cardiogenic shock (%)   8.30 16.90 0.151

Table 1. Pre-operative variables

Variables       Blood   Crystalloid p-value
    (n = 60)      (n = 65)

2 Vessel (%)        0       15.40 0.002
3 Vessel (%)      25.00       21.50 0.647
4 Vessel (%)      50.00       46.20 0.667
5 Vessel (%)      25.00       15.40 0.179
6 Vessel (%)        0         1.50 0.335
CPB time (min) 113.73+27.61 103.22+24.76 0.027
Ao cross clamp   77.55+20.16   71.22+14.72 0.046
time (min)

Table 2. Intra-operative variables

acute myocardial infarction within 30 days.
Patients characteristics such as age, gender,

weight, height, left ventricular ejection fraction (LVEF),
NYHA, peripheral arterial disease, DM, hypertension,
carotid artery stenosis, renal disease, pre-operative heart
rhythm, cardiogenic shock were obtained. Data on
perioperative time including cardiopulmonary bypass
time, aortic cross clamp time, defibrillation after aortic
declamping, ICU stay, IABP use, major complication
and mortality rate were collected.

One hundred twenty-five patients were
separated into group A for blood cardioplegia infusion
and group B for Custodiol-HTK crystalloid
cardioplegia infusion.

Both groups received routine a CABG
operation by median sternotomy two-stage atrial
connulation, 28-32° C esophageal temperative, aortic
cross clamp antegrade cardioplegia by intermittent cold
blood cardioplegia in group A and single-shot 6-10° C
Custodiol-HTK in group B.

After last distal coronary anastomosis,
patients were weaned from cardiopulmonary bypass.
An aortic side clamp was used for proximal anastomosis
at ascending aorta as required.

Comparison of the two groups was done using
Mann-Whitney U test for continuous variable and Chi-
square test for ratio variables. The data were presented
as mean � standard deviations. A p-value of less than
0.05 was considered significant.

Results
The demographic data are listed in Table 1.

Sixty patients were in group A and sixty-five patients
were in group B.

The 30-day mortality rates were 1.7% in group
A and 4.6% in group B.

Preoperative NYHA was 60% in NYHA 2-3 in
both groups.

Diabetes mellitus and renal dysfunction was
more common in group B with statistical significance.
Pre-operative IABP used were 3.3%, 9.2% in group A,
group B, respectively.

The operation data is shown in Table 2.
CABG alone was performed 96.7%, 87.7% in

group A, group B. The number of distal coronary
anastomosis >4 was 75%, 71.4% in group A, group B.
Defibrillation after wean off cardiopulmonary bypass
more commonly occurred in group B (8.3% vs. 33.8%)
with statistical significance (p-value = 0.001).

No statistically significant differences were
seen in postoperative variables (Table 3).

There were no differences in the rate of re-
operation, post operative stroke, renal failure needed
dialysis, new heart failure, pulmonary complication, GI
complication.

Discussion
Custodiol-HTK solution was described by

Bretschneider in the 1970s. It is an intracellular,
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Variables      Blood Crystalloid p-value
   (n = 60)    (n = 65)

Defibrillation (%)       8.30     33.80 0.001
Renal failure (%)     11.70     16.90 0.318
Pulmonary       8.30     16.90 0.079
complication (%)
GI complication (%)       0       1.50 0.173
New heart failure (%)     11.70       4.60 0.113
Mortality rate (%)       1.67       4.62 0.349
ICU stay (day)   1.98+1.98   2.25+1.72 0.429
Post-operative 10.45+7.00 10.14+7.67 0.813
hospital stay (day)

Table 3. Post-operative variables

crystalloid cardioplegia due to low sodium and calcium
content. The components of custodial are Histidine,
acting as a buffer against acidosis during the long
ischemic period; Ketoglutarate improves ATP
production during reperfusion; Tryptophan functioning
as a membrane stabilizer(8-12).

Primary outcome of this study was ventricular
fibrillation (VF) after removal of aortic cross clamp,
which occurred more frequently in Custodiol-HTK
group, significantly (33.8% vs. 8.3%).

Meta-analysis by Edelman(13) reported six of
the eight studies that a higher incidence of VF in
Custodiol group (Custodiol 20.1% vs. 9.7%) reached
statistical significance.

Another article reported by Braathen et al(14),
comparing Custodiol-HTK and cold blood cardioplegia
in mitral valve surgery, found a similar result in that
71% of patients receiving HTK resumed VF and 13% in
the other group after release of cross clamping.

It was a different result in a small sample size
reported by Sindhu et al(15), which concluded that VF
were almost absent in Custodiol-HTK group in open
heart operation of patients who needed prolonged the
cross clamp period. The reason for an increased rate of
VF after reperfusion with Custodiol-HTK cardioplegia
is not clear. Despite this, Braathen et al showed that
the increase in spontaneous VF did not influence the
release of myocardial enzymes compared with blood
cardioplegia.

Clinical outcome of mortality, low cardiac
output syndrome and major complications compared
in this study and all reviewed literature have similar
results.

Conclusion
A single dose custodial-HTK cardioplegia is

a good option because of no re-administration of
cardioplegia, which can disturb the technical flow of
the operation. It is convenient, simple and at least as
safe as tepid blood cardioplegia for myocardial
protection in CABG patients. No difference was
identified in mortality rate and other clinical outcome
except VF was significant and happened during
reperfusion period.

What is already known on this topic ?
Custodial can be used in valvular heart

disease surgery. Single use is the important advantage.

What did this study add ?
Custodial is also used in CABG patients with

comparable outcome to blood cardioplegia.
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