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Abstract

The aim of the study was to compare 4 modes of ischaemic cardioprotection using continuous
prograde autologous blood perfusion of the coronary artery in two hypothermic modes (group A,
B) or conventional protection by cooled Hartmann solution (group C) or cooled saline (group D)
without perfusion of the graft. Male Wistar rats (n = 24) were divided into four groups (A-D). In
groups A (22-25 °C) and B (4-8 °C), blood perfusion rate was 10 ml/h and the graft was placed in
a water bath. Groups C, D were initially rinsed with cold (4-8 °C) Hartmann solution (C) and cold
saline solution (D), next the graft was placed in a water bath of cold (4-8 °C) Hartmann solution
(C) or saline solution (D). The observed time was 30 min after the implemented perfusion
(A, B) or initial rinsing (C, D). At 30 min, hearts of all the groups were perfused for 10 min
with prograde-autologous arterialized blood at room temperature. At perfusion minute 10, blood
was collected for biochemical analysis (sample 1). Sample 2 involved blood from a portable
syringe infusion pumps (in parallel with sample 1). Pairwise test differences between samples
1 and 2 were significant in all the groups as regards creatine kinase and lactate dehydrogenase
values, sampling 1 values being always higher, while cardiac troponin I concentrations were non-
significant in the same comparison. The heart rate during the final perfusion was identical in all
the groups. Our study has demonstrated that all observed cardioprotection modes are useful for
experimental heart grafting.

Blood hypothermic cardioprotection, crystaloid hypothermic cardioprotection

The model of heart heterotopic grafting/cardiac transplantation (HTx) allows the
monitoring of extensive cases of myocardial damage without the risk of death of
experimental animals and, as opposed to monitoring the same in in vitro models (isolated
heart model), myocardial sanogenesis can be studied over rather long timelines. The need
to solve the graft response to the host is the only major drawback.

The basis of success is good vitality of the graft, which applies not only to experiments.
Unlike clinical practice in human medicine, where cardioplegia (a form of ischaemic
myocardial protection) is constantly investigated as an inseparable part of cardiac
and great vessel surgery, ischemic graft protection is not addressed as a separate issue
in heart transplantation in experimental practice of small mammals and has not been
comprehensively examined (Lee etal. 1970; Heron 1971; Olausson etal. 1984; Cramer
et al. 1989; Lorat et al. 2011; S4a et al. 2012; Janssen et al. 2015; Mimic et al. 2016).
Due to our modification of non-sutured heart transplantation, maintaining the right carotid
artery for applying cells/substances directly into the graft, we were studying various easily
accessible and common ways of ischaemic cardioprotection. The project aimed to verify
the taking of a vital graft with ischaemic cardioprotection using continuous prograde

Address for correspondence:

MVDr. Jana Hlozkova, PhD

St. Anne’s University Hospital Brno Tel: 731495768

International Clinical Research Center E-mail: jana.hlozkova.ro@gmail.com
Pekaiska 53, 656 91 Brno, Czech Republic http://actavet.vfu.cz/



200

autologous blood perfusion of the coronary bed in two hypothermic modes (22-25 °C;
4-8 °C) in comparison with conventional protection by cold saline or Hartmann solution
without perfusion of the graft.

Materials and Methods

The experiment included 24 male rats of the Wistar outbred strain, the weight ranging from 435¢g to 590 g.
The rats were housed under conventional conditions and fed rat chow (MyPo, Biosta Blu¢ina, Czech Republic),
and tap water ad libitum. The animals were under general anaesthesia by ether induction followed by application
of diazepam (2 mg/kg, Apaurin inj. 10 mg/ml, Krka, Slovenia), ketamine (35 mg/kg, Narketan inj. 100 mg/
ml, Vetoquinol, Czech Republic), and xylazine (5 mg/kg, Xylapan inj 20 mg/ml, Vetoquinol, Czech Republic),
all intramusculary. The right carotid artery was dissected and cannulated by blunt dissection. Heparin (Heparin
Léciva inj. sol. 5000 m.j./ml, Zentiva, Czech Republic), was injected intra-arterially (500 IU).

Evaluation of ischaemic cardioprotection

Rats were randomly divided equally into four groups (A to D) by drawing lots done by the lab assistant. Group
A represented prograde perfusion of the coronary bed by autologous (arterial = fully saturated blood) blood at room
temperature (22 °C) at the rate of 10 ml/h, with the graft placed in a water bath of saline at room temperature; group
B was the same as group A, with only the water bath temperature being 4-8 °C. Group C represented an initial rinse
with cold (4-8 °C) Hartmann solution, with the graft placed in a water bath of Hartmann solution at 4-8 °C. Group
D represented an initial rinse with cold (4-8 °C) saline, with the graft placed in a water bath of saline at a temperature
of 4-8 °C. For groups A and B, grafts were connected to the transportable infusion syringe pump. For group C, the
blood in the coronary vessels was initially flushed with 10ml of cooled (4 °C) Hartmann solution. Cooled saline
(4 °C) was used for group D, the procedure otherwise matching that for group C. Groups C and D were without
perfusion for the subsequent 30 min. Perfusion was preceded by neck vessel dissection, initial bleeding via the
22G cannula (NEO VENOPIC 1, Artsana I) in a. carotis into a heparinized syringe as far as apnoea. The next steps
involved opening the chest, clamping the aorta, and ligating the branches of the ascending aorta (a. subclavia sin.,
a. carotis comm. sin.) and venous inputs of v. cava cran. sin., v. cava cran. dex., v. cava caudalis. In groups C and D,
10ml of cooled crystalloid solution (C Hartmann, D-saline) were applied into the heart via a. carotis communis dex,
while a portable syringe infusion pumps was launched and continuous perfusion initiated in groups A and B. The
heart and the lungs were removed. The lung tissue, oesophagus, trachea, and mediastinum were dissected away from
the heart in a water bath and vv. pulmonales were ligated. The water bath was saline at room temperature (group
A); saline, cooler temperature (groups B and D); or retriggered Hartmann solution (group C). Truncus pulmonalis
was cannulated for blood sampling. The observed time was 30 min after the implemented perfusion (A, B) or initial
rinsing (C, D). At 30 min, hearts of all the groups were perfused for 10 min with autologous arterialized blood at
room temperature, sampled at the beginning of the experiment through a cannula in the right carotid artery. At 5 min
of the rinsing process, all the blood from the right ventricle was sucked through the cannula placed in the pulmonary
artery with subsequent sampling of all the newly flown blood for analysis (sample 1). The flow rate of the final
rinsing was 20 ml/h with an initial bolus of 2ml of blood to remove the residual crystalloid solution.

During the experiment, blood was sampled as follows: sample 1 involved the blood of truncus pulmonalis after
the introduction of final perfusion by autologous blood (t = 40 min); sample 2 was the blood from the portable
syringe infusion pumps (in parallel with sample 1).

For all samples, plasmatic activity of creatine kinase (CK) and lactate dehydrogenase (LDH) was determined
(Cobas, Roche diagnostic D), in addition to the plasma level of cardiac troponin I (Rat Ultra Sensitive Cardiac
Troponin-1, Life Diagnostics Ltd., U.K.). A “multiple” was computed of an increase in plasmatic activities/
concentrations between the blood entering the graft (sample 2) and that flowing out of the graft (sample 1) using
the formula:

“Multiple” = sample 1 / sample 2.

In addition, graft heart rate was measured at minutes 5 and 35 of the protocol.

Statistical analysis

Statistical evaluation was done using Statistica 6.0 (Statsoft Inc., Tulsa, U.S.A.). Normality was tested using
Shapiro-Wilk test. For comparison among groups Kruskal-Wallis test was used and comparison among samplings
was performed using Wilcoxon pair test for paired data set and Mann-Whitney test for non-paired data. The level
of significance was set at P < 0.05, if not specified otherwise.

Results

Graft ischaemic cardioprotection was assessed by changes in biochemical variables
(creatine kinase = CK, lactate dehydrogenase = LDH, cardiac troponin I = ¢Tnl), and their
multiples, between blood entering and leaving the heart at 40 min from clamping the aorta
(Tables 1-3).
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Table 1. Plasma activity values of creatine kinase (pkat/l) and its multiple.

CK

Median Min Max Mean SD SEM
Al 19.90 15.23 57.60 25.82 16.07 6.56
A2 8.82 6.81 11.86 9.19 2.16 0.88
A multiple 2.16 1.31 6.80 3.00 2.05 0.83
Bl 20.95 8.70 29.77 20.58 8.38 3.42
B2 6.40 3.02 11.52 6.33 3.14 1.28
B multiple 2.82 1.89 9.85 3.92 2.96 1.20
Cl 10.81 7.22 13.67 10.49 242 0.99
C2 8.15 5.93 11.50 8.34 2.14 0.87
C multiple 1.25 1.02 1.62 1.27 0.19 0.08
D1 8.67 7.62 10.49 8.76 1.10 0.45
D2 7.73 432 8.13 6.87 1.59 0.65
D multiple 1.17 1.01 1.93 1.34 0.39 0.16

CK - creatine kinase, SD - standard deviation, SEM - standard error of the mean

Table 2. Plasma activity values of lactate dehydrogenase (ukat/l) and its multiple.

LDH

Median Min Max Mean SD SEM
Al 7.96 6.17 19.13 9.47 4.86 2.00
A2 3.27 1.91 4.13 325 0.78 0.32
A multiple 2.08 1.87 6.17 3.11 1.81 0.74
Bl 8.84 5.27 10.94 8.47 1.99 0.81
B2 237 1.23 3.66 2.54 091 0.37
B multiple 3.67 1.50 8.90 4.01 2.57 1.05
Cl1 3.83 2.46 5.65 3.97 1.18 0.48
C2 2.44 1.70 3.78 2.56 0.73 0.30
C multiple 1.48 1.42 1.84 1.54 0.16 0.06
D1 6.06 3.16 7.25 5.59 1.70 0.69
D2 2.43 2.11 4.20 2.70 0.76 0.31
D multiple 1.99 1.35 3.02 2.12 0.68 0.27

LDH - lactate dehydrogenase, STDEV- standard deviation, STERR - standard error of the mean

As shown by the results of Kruskal-Wallis test (Table 4), followed by Mann-White
test (Table 5), there was no significant difference between the values of all groups
as regards sampling 2, i.e. in the blood that was entering the graft, with regard to all
biochemical variables (CK, LDH, cTnl).

Creatine kinase

The median of plasma activities of creatine kinase and its multiple after passing
through the graft was the highest for group B and the lowest for group D (Table 1).
Regarding sampling 1, there was no significant difference between groups A-B and
C-D. In other combinations of groups (A-C, A-D, B-C, B-D), the difference was
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Table 3. Plasma concentration (pmol/l) of cardiac troponin I and its multiple - summary.

Cardiac troponin I

Median Min Max Mean SD SEM
Al 0.15 0.04 0.44 0.18 0.15 0.06
A2 0.04 0.04 0.04 0.04 0.00 0.00
A multiple 3.70 0.82 11.15 4.60 4.01 1.63
Bl 0.29 0.04 0.94 0.34 0.33 0.14
B2 0.04 0.04 0.04 0.04 0.00 0.00
B multiple 7.46 1.00 24.00 8.67 8.5 347
Cl 0.04 0.04 0.04 0.04 0.00 0.00
C2 0.04 0.04 0.04 0.04 0.00 0.00
C multiple 1.00 1.00 1.00 1.00 0.00 0.00
D1 0.04 0.04 0.04 0.04 0.00 0.00
D2 0.04 0.04 0.04 0.04 0.00 0.00
D multiple 1.00 1.00 1.00 1.00 0.00 0.00

SD - standard deviation, SEM - standard error of the mean

Table 4. P values, Kruskal-Wallis test, after comparison of data files.

Indicator Sampling 1 Sampling 2 Multiple
CK 0.002 ns 0.002
LDH 0.003 ns 0.012
cTNi 0.002 ns 0.021

CK - creatine kinase, cTnl - cardiac troponin I, LDH - lactate dehydrogenase, ns - non-significant difference

Table 5. P values, Mann-Whitney test, after comparison of data files.

P Sampling 1 Sampling 2 Multiple
CK LDH cTnl CK LDH cTnl CK LDH c¢Tnl

AvsB ns ns ns ns ns ns ns ns ns
AvsC 0.004 0.004 0.002 ns ns ns 0.006 0.004 0.040
AvsD 0.004 NS 0.002 ns ns ns 0.025 ns 0.040
BvsC 0.025 0.006 0.022 ns ns ns 0.004 0.01 0.020
BvsD 0.016 0.037 0.022 ns ns ns 0.006 NS 0.022
CvsD ns 0.090 ns ns ns ns ns ns ns

CK - creatine kinase, cTnl - cardiac troponin I, LDH - lactate dehydrogenase, ns - non-significant difference

significant (Table 5). The results of pairwise tests between sampling 1 and 2 were
significant in all the groups, sampling 1 values being always higher (Table 6).

Lactate dehydrogenase

The median of plasma activity of LDH and its multiple after passing through the
graft was the highest for group B and the lowest for group C (Table 2). Regarding
sampling 1, there was no significant difference between groups A-B, C-D, and A-D. In



Table 6. P values, Wilcox test, after comparison

of data files.

Pair Groups P

CK Al vs A2 0.028
B1vs B2 0.028
ClvsC2 0.028
D1 vs D2 0.028

LDH Al vs A2 0.028
Bl vs B2 0.028
ClvsC2 0.028
D1 vs D2 0.028

cTnl Al vs A2 ns
B1vs B2 ns
ClvsC2 ns
D1 vs D2 ns

CK - creatine kinase, cTnl - cardiac troponin
I, LDH - lactate dehydrogenase, ns - non-

significant difference
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other combinations of groups (A-C, B-C, B-D),
the difference was significant (Table 5). The
results of pairwise tests between sampling 1 and
2 were significant in all the groups, sampling 1
values being always higher (Table 6).

Cardiac troponin I

The median of plasma activities of cTnl and
its multiple after passing through the graft was
the highest for group B and the lowest for group
C and D (Table 3). Regarding sampling 1, there
was no significant difference between groups
A-B and C-D. In other combinations of groups
(A-C, B-C, B-D), the difference was significant
(Table 5). In all groups, the results of pairwise
tests between sampling 1 and sampling 2 were
significant (Table 6).

After connection to the portable syringe
infusion pumps with autologous blood, all grafts
resumed activity spontaneously. They were
attached to the acceptor, and their activity was

maintained even for 60 min after suturing the skin. The heart rate diagram shows the
differences between the groups (Fig. 1).
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Fig. 1. Comparison of heart rates between all groups
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Discussion

In experimental heart transplantation in small mammals, ischaemic myocardial protection
has not been historically considered an issue, the probable cause being a really good graft
vitality under a very simple cardioprotection method using cooled or deep-chilled saline
(0.9% NaCl) (Lee etal. 1970; Heron 1971; Olausson et al. 1984; Lorat et al. 2011) or
Ringer solution (Remie 2000). In principle, this practice is similar to sampling the heart
for transplantation in humans. Heart sampling in humans takes place in most cases as part
of the multiple-organ sampling after completing sterno-and laparotomy, when abdominal
organs are taken first, followed by the heart (Pirk 2008). After heparinization, the heart
is always initially perfused by the cardioplegic solution and stored on ice, which typically
involves frozen saline (Pirk 2008). Crystalloid cardioplegic solution is preferred, e.g. St.
Thomas no. 2, always under the hypothermal mode. The heart is placed in sac 1 along with
St. Thomas solution. The second solution of “zero” ice contains saline, and sac 3 is left
empty. In addition, some authors recommend blood cardioplegia during the transplantation
process alone, due to the needed good quality of ischaemic protection of the graft (Cerny
et al. 2002). In addition to ischaemic myocardium protection, cardioplegia used in cardiac
surgery enables relaxation and asystole of the myocardium. This effect is achieved
by a high concentration of potassium and magnesium in the solution applied. In recent
years, various modifications have been used in blood cardioplegia, which employs blood
mixed with a crystalloid cardioplegic solution or a short-acting beta-blocker (esmolol)
under a hypothermia mode or as “warm heart surgery”. Cardioplegic solutions can be
applied anterogradely through the coronary arteries, a procedure that we chose as well, or
retrogradely through the coronary sinus (Dominik 1998).

A common goal in taking grafts in animal experiments as well as human transplantation
is the ischaemic protection and preservation of myocardium vitality. Experimental results
from research on cardioplegia suggest that classical cold crystalloid cardioplegia is not the
best solution and does not provide 100% protection (Reichard and Opie 1989; Soncul et
al. 1992a; Soncul etal. 1992b; Kerendi et al. 2006; Hsieh et al. 2007; Choi et al. 2007;
Sodha et al. 2008; Oka et al. 2008; Khabbaz et al. 2008).

When training for taking grafts for modified non-sutured heart transplantation,
autologous blood rinsing was used for easier detection of incorrect ligation of large
vessels and particularly the pulmonary veins, or the visualization of injuries, especially
those of the atrium, during the process. Surprisingly, it was found that when these
training taking actions were underway, the heart remained vital throughout the prograde
perfusion (60-90 min) at a relatively low blood flow (10 ml/h) and the temperature mode
of “light hypothermia”, i.e. at room temperature (20-25 °C), with the heart beating most
of the time in a sinus rhythm over the period, sometimes with an AV block II to III. This
finding led us to the idea of verifying the effect of different ways of grafting ischaemic
protection in experimental practice, which are easily accessible, inexpensive, and easy
to implement.

Our findings confirm the well-known general rule that low temperatures are protective
for the myocardium, providing a basic level of protection. With the room temperature
(20-25 °C) already having hypothermic effects, the fact was adhered to throughout the
groups. The monitored myocardial necrosis indicators, i.e. CK, LDH and cTnl, were
selected with regard to the normal laboratory profile in patients with myocardial infarction.
The short monitoring period (30 min + 10 min) is the natural limit of our study but it
actually reflects the reality of everyday experimental practice, when the graft is sewn
within 30-40 min after taking. The advantage of our model is the fact that any increase in
CK and cTnl between the blood flowing into and leaving the graft comes at the expense
of the myocardium and is not distorted by other organs or tissues. For LDH, it is of course
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possible that it originates from the erythrocytes, this is a rather hypothetical option.
Statistical comparison of the above-mentioned indicators of myocardial necrosis for blood
entering the graft showed no differences between the groups. Pairwise comparison of
samples per group substantiates the statement that cTnl levels between blood entering
and exiting the graft did not differ significantly. On the other hand, LDH and CK levels
significantly increased, with the lowest increase seen in crystalloid groups (C and D).
cTnl is considered to be the most important and precise marker for myocardial necrosis
(Hlinomaz 2003), with the methods monitored being equal in this regard although the
values in “blood” groups (A and B) significantly differed from those in crystalloid groups
(C, D), plus they were higher.

The refrigerated saline led, in almost each case, to asystole, whereas refrigerated
Hartmann solution resulted in bradycardia not exceeding four beats per min. Blood
perfusion at room temperature (blood A) was maintaining HR within the range of 80—90/
min. Blood perfusion using blood at room temperature and the heart in a bath at cooler
temperature (group B) was associated with the rate of 35/min. There was a unification of
the heart rate at 70—75 /min seen in all the groups after conducting final blood perfusion.

In conclusion, the graft vitality was satisfactory for all the observed modes of ischaemic
protection. From the laboratory analysis aspect, crystalloid solutions under deep
hypothermia in the time window of 30 min of cold ischaemia are better than autologous
blood perfusion. Benefits of blood perfusion at room temperature include the method’s
simplicity, possibility of standardizing, and the ability to better monitor the quality of
ligation and graft injury in taking, which is to be appreciated by beginners, in particular.
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