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Summary
Aortic valve stenosis (AS) is predominantly caused by
degenerative calcification in patients over 70 years. It
obstructs the left ventricular outflow tract. The result is
concentric left ventricular hypertrophy (LVH) wall stress
and ischemia-induced myocardial fibrosis. [1] According
to the European Association of Cardiothoracic Surgery,
all high-grade AS patients are indicated for Aortic valve
intervention [2]. One of the most recommendable methods
for myocardial protection during surgical aortic valve
replacement is antegrade delivery of cold crystalloid
cardioplegia. Our retrospective study included 173 operated
patients with AS and LVH. We observed the MB fraction
of the enzyme creatine phosphokinase (CPK-MB) as a
postoperative marker for myocardial hypoprotection in
different patients. Our results showed that a single dose of
modified Bretschnaider solution provided safe and long
enough myocardial protection during conventional and
minimally invasive aortic valve replacement in patients with
AS and LVH [3].
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Surgical aortic valve replacement under cardiac arrest
is the approved treatment in patients with AS [2].
Application of HTK (Histidine, Tryptophan,
Ketoglutarate) solution was reported by Bretschneider in
the 1970s [4]. It is classified as intracellular, crystalloid
cardioplegia due to its low sodium and calcium content.
Sodium depletion of the extracellular space causes a
hyperpolarization of the myocyte plasma membrane,
inducing cardiac arrest in diastole. The mechanism
of action differs from conventional ‘extracellular’
cardioplegic solutions with high potassium content and
leads to cardiac arrest by membrane depolarization [5]
(Table 1).
The high histidine content buffers the acidosis
caused by the accumulation of anaerobic metabolites
during the long ischaemic period, ketoglutarate
improves adenosine triphosphate production during
reperfusion, tryptophan stabilizes the cell membrane,
and mannitol decreases cellular edema and acts as a
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Table 1. Composition of a modified Bretshneider
solution
Modified Bretshneider solution
Na+
15 mmol/l
K+
9 mmol/l
2+
Mg
4 mmol/l
2+
Ca
0.015 mmol/l
Histidine
198 mmol/l
Triptophan
2 mmol/l
Ketoglutarate
1 mmol/l
Mannitol
30 mmol/l
pH
7.02-1.20

free-radical scavenger [6].
The data published confirming its efficacy
among patients with LVH is scarce.

Materials and Methods
We performed a single-center, retrospective
study on 173 consecutive elective patients with
surgical aortic valve replacement (AVR) for
isolated AS with preserved ejection fraction (EF)
and LVH. All patients were operated on in our
institution between April 2017 and October 2020.
Preoperative transthoracic echocardiography and
intraoperative transesophageal echocardiography
were performed to complete criteria for AS and
LVH. The study has no control group with other
types of cardioprotection or without.
According to our institutional protocol, all
the patients underwent replacement of aortic
valve under cardiopulmonary bypass and cardiac
arrest, achieved by antegrade admission of

Figure 1. Demographic distribution
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single-shot cold (5-7°C) crystalloid cardioplegia
– modified Bretschneider solution at a dose of
20 ml/kg for a minimum of 6-minute admission
time.
The patients were divided into two groups:
one group with minimally invasive aortic valve
replacement (mini AVR) and another group with
conventional aortic valve replacement (AVR).
The following parameters - sex, age, crossclamp time, operative time, body mass index,
ejection fraction for both groups- were observed
to find any correlation of each of them with
postoperative CPK-MB.
The postoperative parameters we observed
were intensive care unit (ICU)- stay and duration
of mechanical ventilation as indicators of the
patients‘ overall state and recovery speed.

Aim
We used the results obtained to estimate the
safety and efficiency of the method applied in
our institution for cardioplegia in patients with
AS and LVH.
Our second aim was to observe possible
differences in myocardial protection in patients
with minimally invasive aortic valve replacement
and conventional aortic valve replacement.

Result
Patients
We studied 173 patients (89 males and 84
females). The median age of the patients was
69.5 years, standard deviation (SD=8.9 years,
range 32 - 89). Depending on the operative
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incision, they were divided into two groups.
The group treated with conventional total
sternotomy included 153 patients (76 males and
77 females, median age 69.7 years, SD= 8.9, and
age range 32 - 89).
The second group was treated by minimally
invasive aortic valve replacement (mini AVR).
This operation was performed through a less
than 7-centimeter skin incision and partial upper
J-shaped sternotomy. This group included
The mini AVR group included 20 patients: 13
males and seven females, median age 67.8 years,
SD=8.4 years, age range 48 - 82).(Figure 1)
Patients in both groups had preserved LV
systolic function. The average EF in the AVR
group was 57% (SD=11 %). The average EF
in the Mini AVR group was 56 % (SD 12%). (
Figure 2)
The operative time was shorter in the
mini AVR group. The average duration of the
surgical procedure in the AVR group was 204
minutes (SD=56 min). The average duration of

the surgical procedure in the mini AVR group
was 173 minutes (SD=36 min). Cross-clamp
ischemic times were similar for all patients in
both groups. The average cross-clamp time in
the AVR group was 64 minutes (SD=20 min),
while in the mini AVR group, it was 57 minutes
(SD=10 min).(Figure 3)
We measured the body mass index (BMI) as
well. The average BMI in the AVR group was
28 kg/m2 (SD=5kg/m2). The average BMI in the
mini AVR group was 27 kg/m2 (SD=4 kg/m2).
The MB fraction of creatine phosphokinase
is an intracellular enzyme special for myocardial
cells. Its serum level correlates with perioperative
cellular death. Postoperative CPK-MB on the
second postoperative day is a well-known
indicator for perioperative myocardial ischemia
[15]. The average postoperative level of CPKMB in the AVR group was 65 U/L (SD= 72
U/L). For the mini AVR group, it was 47 U/L
(SD= 18 U/L). (Figure 4)

Figure 2. Mean EF in both groups

Figure 3. Comparison between operative time and cross clamp time in the two groups
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ICU stay is a criterion that represents the
speed of a patient‘s recovery. In the AVR group,
it was 79 hours (SD= 78 h). The average duration
for the mini AVR group was 70 hours (SD=35h).
Another parameter in our study was the
postoperative time of invasive lung ventilation
(ILV). The average ILV time in the AVR group
was 19 hours (SD=40 h). The average ILV time
in the mini AVR group was 15.6 hours (SD=12
h.).(Figure 5)
The average in-hospital mortality in the
AVR and Mini AVR groups was 5.2 % and 0%,
respectively.
Statistical data analysis
Based on the descriptive statistical analysis
for both groups, we conclude that frequency
distribution of age, EF, cross-clamp time, and
operative time were defined as “normal” because
the values were very similar to the Central
Tendency indicators. Such a statement was
not confirmed for the CPK-MB, time in ICU,

and duration of mechanical ventilation. This is
defined as a right-skewed positive distribution.
(Table 2)
The statistical processing of the result was
made using the statistical package SPSS of
IBM Corporation. Results with a significant
coefficient p<0.05 were considered statistically
reliable. The following methods were used for
data analysis: Spearman’s rank correlation
coefficient; Regression correlation analysis;
classification tree; Dispersion Analysis ANOVA;
Independent samples t-test and Chi-square.
We evaluated the strength and direction of
all possible correlations through coefficient
rank correlations of the Spearman test for all
indicators in both groups.
A high level of strength and positive
correlation was found between operative time
and cross-clamp time indicators (r = 0.755,
p=0.000).
A moderate level of strength and positive
correlation was found between the three pair

Figure 4. MB fraction in both groups

Figure 5. Comparison between ICU-time and ILV-time in the two groups
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EF %
173
0
56,8671
60,0000
60,00
11,23997
20,00
80,00
9838,00
BMI
173
0
27,8277
27,3000
26,60
4,64795
16,60
45,20
4814,20
Operative
time
173
0
200,8092
195,0000
180,00
54,62231
95,00
425,00
34740,00
cross clamp
time
173
0
62,7399
60,0000
68,00
19,78861
28,00
134,00
10854,00
Mean
Median
Mode
Std. Deviation
Minimum
Maximum
Sum

N

Valid
Missing

age
173
0
69,5202
71,0000
71,00
8,90753
32,00
89,00
12027,00

Table 2. Descriptive statistics for both groups

Descriptive statistics for both groups

MB
173
0
63,1618
49,0000
51,00
68,23410
14,00
608,00
10927,00

Time in ICU
173
0
77,8092
48,0000
48,00
74,94474
2,00
720,00
13461,00

Ventilation
173
0
18,9942
11,0000
10,00
37,88024
2,00
327,00
3286,00
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indicators: operative time and MB fraction (r
=0.333; p=0.000); cross clamp time and MB
fraction (r=0.342; p=0.000) and between time in
ICU and ILV time (r =0.360; p=0.000)
A low level of strength and negative
correlation was established between EF and
mortality rate (r = -0.150; p=0.049) [13].
Low level of strength and positive correlation
is available between the three pair indicators:
time in ICU and Mortality rate (r =0.71;
p=0.025), ILV time and Mortality rate (r =0.204;
p=0.007) and BMI and time in ICU (r =0.150;
p=0.048). ( Table 3)
Similar trends with similar strength were
seen in the AVR group, while in the mini AVR
group, we found only one correlation between
cross-clamp time and operative time. The link
was strong, and the direction was positive.
Using regression-correlation analysis, we
found a significant link between the EF and the
time in ICU. We find a low level of strength and
negative correlation: 3.1% of the differences in
time in ICU were due to EF, which means that if
EF increased by 1%, the time in ICU decreased
by 1.18 hours (p =0.021).
Base on the same correlation analysis, we
discovered a significant link between the factor
cross-clamp time and the result postoperative MB
fraction. The correlation link was less strong, of
positive direction, and 5.7% from the differences
in MB fraction were attributable to cross-clamp
time. If the cross-clamp time increased by 1
min, then the MB fraction increased by 0.82 U/l.
(p=0.002).
We discovered another significant link
between the operative time and MB fraction. The
correlation link was weak, of positive direction,
and 5.4% of the differences in MB fraction were
due to operative time. If operative time increased
by 1 minute, MB fraction increased by 9 U/l (p
=0.02).
Another significant link was found between
the cross-clamp time and the operation time.
The correlation link was very strong, of positive
direction, and 54% of the differences in operation
time were due to cross-clamp time. If crossclamp time increased by 1 min, the operative
time was increase by 2.03 minutes longer.
Because of a significant link, the ILV time
increases by 1.31 minutes if BMI increases by 1
kg/m2, which means that 2.6% of the differences
173
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Ventilation

Method

Mortallity

Time in
ICU

MB

EF %

BMI

Operative
time

cross clamp
time

age

,188
173

,000
173

N

173
,101

Sig. (2-tailed)

173

N

,160

-,107

,303**

,308

173

,489

,053

173

,666

-,033

173

,000

,342**

173

,661

-,034

173

,146

,111

173

,000

,755**

173

.

1,000

173

,349

-,072

**

173

,175

,104

173

,006

-,207

173

,262

,086

173

,846

-,015

173

,000

,333**

173

,436

,060

173

,055

,146

173

.

1,000

173

,000

,755**

173

,182

-,102

Operative
time

173

173

,072

,137

173

,492

-,053

173

,904

-,009
,509

-,051

*

173

,049

-,150

173

173

,165

,106

173

,262

-,086

173

,102

,171

,125

173

,000

,360**

173

,315

,077

173

,025

*

173

.

1,000

173

,543

,047

173

,197

-,099

173

,048

,150*

173

,846

-,015

173

,666

-,033

173

,210

,096

Time in ICU

173

,543

,047

-,099
,197

173

.

1,000

173

,802

-,019

173

,436

,060

173

,000

,333**

173

,000

,342**

173

,303

-,079

MB

173

,802

-,019

173

.

1,000

173

,814

-,018

173

,436

,060

173

,661

-,034

173

,889

-,011

EF %

173

,234

,091

173

,048

,150

*

173

,436

,060

173

,814

-,018

173

.

1,000

173

,055

,146

173

,146

,111

173

,104

-,124

BMI

Correlations in both groups
cross clamp
time

Correlation Coefficient

-,078

Sig. (2-tailed)

173

N

Correlation Coefficient

,051

Sig. (2-tailed)

173

N
,148

,210

Sig. (2-tailed)

Correlation Coefficient

,096

173

N

Correlation Coefficient

,303

Sig. (2-tailed)

173

N
-,079

,889

Sig. (2-tailed)

Correlation Coefficient

-,011

173

N

Correlation Coefficient

,104

Sig. (2-tailed)

173
-,124

N

Correlation Coefficient

,182

Sig. (2-tailed)

173

N
-,102

,349

Sig. (2-tailed)

Correlation Coefficient

-,072

173

.

1,000

Correlation Coefficient

N

Sig. (2-tailed)

Correlation Coefficient

age

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Spearman’s
rho

Table 3. Correlations in both groups

173

,007

,204**

173

,298

-,080

173

.

1,000
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,025

,171

*
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,051

,148
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,756

,024
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.

1,000
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,298

-,080
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,315

,077
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,262

-,086
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,904

-,009
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,509

-,051

173

,006

-,207**

173

,160

-,107

173

,308

-,078

Method

173

.

1,000

173

,756

,024
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,007

,204**

173

,000

,360**

173

,165

,106
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,492

-,053
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,137

173
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,104
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,188

,101

173

,000

,303**

Ventilation
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in ILV time were due to BMI values (p=0.000)
in our study.
Using the classification tree analyzing method
for all patients, we established a significant link
between ILV time as a factor and time in ICU
as a result. This method allows for dividing the
patients into two other groups: patients with
ILV time equal to or less than 14 hours and
patients with ILV time more than 14 hours. In
the first group, we noticed that if the ILV time
was less than 14 hours, the average ICU stay
was almost two times lower than in the other
group (p=0.009) (Figure 6). Such an observation
supports the mini AVR operative method with a
lower average ILV time. (Figure 6)
We used the classification tree method to
investigate EF as a factor and mortality rate as a
result. We found dependence between them. All
of the lethal cases had an EF lower than 59 %.
There was no mortality in the rest of the cases
with EF above 59% (p=0.036). (Figure 7)
We established a significant dependence
between EF and mortality rate (p=0.044) with
the independent samples t-test.
Dispersion Analysis ANOVA found a very
close to a significant link between the operative
method and operative time with a P-value of
0.08.
If we use P-value – 0.08 as a significant and
consider the risk for error as 8%, we can conclude
that 2% of the differences in the operative time
are due to the surgical method.
Using the chi-square test, we investigated the
link between the operative method as a factor and

Figure 6. Classification tree- ILV - time (factor) and
time in ICU (result)

Figure 7. Classification tree - EF (factor) and Mortality rate (result)
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the mortality rate. We did not find a significant
relationship between the two.
Although we did not prove a statistical
significance between the operative method and
mortality rate in the investigated groups, we
observed no fatal cases in the mini AVR group
and a 5.2% mortality rate in the AVR group, i.e.,
mini AVR was as safe as conventional AVR.

Discussion
Fannelop reported a study supporting the
application of the Bretschneider solution.
The study was carried out on pigs. HTK and
intermittent cold-blood cardioplegia was
administrated in different groups of animals.
The conclusion was that HTK provides better
myocardial protection and fewer postoperative
cardiac incidents.
G. Scrascia et al. studied 112 patients divided
into two groups. They reported less myocardial
enzyme relief in patients with longer crossclamp time (>150min), protected with Modified
Bretschneider solution versus cold-blood
cardioplegia. Our study observed decreasing the
markers for myocardial necrosis in the patients
with shorter operative times and cross-clamp
times [8].
Careaga et al. found a significant correlation
between patients protected with Modified
Bretschneider and extracellular, crystalloid cold
cardioplegia. In this study on thirty patients
and an average cross-clamp time of 60 min

in the Bretschneider group, they observed
lower inotropic support and lower incidence of
arrhythmia [9].
An interesting report was made by Liu et
al., observing an apoptosis index measured
after myocardial biopsy in patients protected
with HTK and conventional extracellular cold
cardioplegia. The result was the absence of
apoptosis in the HTK group [10].
Right ventricular function was also observed
by Haddad et al. They compared administration
of HTK and warm blood cardioplegia in patients
with mitral valve lesions and lower rightventricular ejection fractions. The result for the
HTK group was lower cardiac volumes, higher
pulmonary pressure, and longer ICU time [11].
James et al. carried out a large systematic
study on 2114 patients and compared different
types of cardioplegia with HTK. They did not
find differences in mortality rates between the
HTK and other groups. Also, these authors did
not report a significant difference in MB fraction
and postoperative low cardiac output syndromes
in the groups. These results confirmed the
safety of HTK compared with conventional
cardioplegia.
We found only one study – that of Scrascia et
al., comparing the efficacy of HTK in minimally
invasive AVR and conventional AVR. However,
in their conventional AVR group, blood
cardioplegia was administrated.
A closer look at the myocardial enzyme relief
due to the efficacy of the HTK solution reveals a

Figure 8. Graph of regression - Linear correlation of posoperative cardiac enzymes – Troponin (Scrascia study),
MB fraction peacs (our study) and cross clamp time
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statistically positive linear correlation according
to Scrascia and our study. (Figure 8) Some
authors have not reported differences in MB
relief between cases with HTK and conventional
cardioplegia [14,15].
Our observations support the finding of
Seanson, i.e., that modified Bretschneider
solution is effective cardioplegia, especially in
minimally invasive surgery. We established that
HTK cardioplegia in combination with shorter
cross-clamp time (mini AVR), shorter operative
time (mini AVR), and EF above 59% results in
shorter intensive care time (mini AVR), shorter
invasive lung ventilation time (mini AVR),
myocardial enzyme relief (mini AVR), and
lower mortality rate (mini AVR).
Although we did not prove a significant
statistical link between the two operative
methods, we have enough data to describe the
efficacy of modified Bretschneider solution in
patients with aortic valve stenosis and LVH.
Antegrade administration of cold, single-dose
cardioplegia (20 ml/kg) is enough to protect the
myocardium during the entire cross-clamp time.
Single-dose cold cardioplegia simplifies the
surgical procedure, while a multi-dose is timeconsuming and may cause coronary ostia injury.

Conclusion
Our institutional protocol for myocardial
protection with modified Bretschneider solution
is an excellent choice for cardioprotection during
surgical treatment of aortic valve stenosis with
myocardial hypertrophy.
Better results can be achieved in the group
with mini AVR, but they are not statistically
significant due to the low number of patients we
investigated.
The published data review and our study
confirm that HTK solution is reliable cardioplegia
for conventional use in all patients with AS and
LVH.
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