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Description

Technical Field

[0001] This invention relates to medicine, more specif-
ically, to cardiac surgery, and may be used for protecting
the heart from ischemia when administering cardiople-
gia.

Background of the invention

[0002] Available cardioplegic solutions and methods
for administering cardioplegia are discussed in D.Yu. Ro-
manovsky’s paper "The Pathophysiological Evaluation
of Methods for Myocardium Protection in Coronary Artery
Bypass Surgery with Cardiopulmonary Bypass.". Ex-
tended abstract of Cand. Sci. (Med.), St. Petersburg,
2004 [1]. The author identifies the following basic tech-
niques of cardioplegia:

1. Cold crystalloid cardioplegia (CCC) and hypother-
mic perfusions. In conducting comparative studies,
the author used cold crystalloid cardioplegia (CCC)
suggested by B.A. Konstantinov in 1981 and based
on a consecutive application of two solution formu-
lations: a high-potassium one for cardiac arrest and
a low-potassium one for subsequent perfusions.
Among the drawbacks of this method are a need to
cool the heart and the whole body and the use of a
cardioplegic solution as a blood substitute in the my-
ocardium thus creating a substantial risk of surgical
complications.

2. Intermittent warm-blood potassium cardioplegia
(IWBPC) and normothermic perfusions. The author
carried out his comparative studies based on a car-
dioplegia delivery procedure earlier described by
A.M. Calafiore and coauthors >Calafiore AM, Teo-
dori G, Mezzetti A, Bosco G, Verna AM, Di Giamma-
rco G, et al. Intermittent Antegrade Warm Blood Car-
dioplegia. Ann Thorac Surg 1995 Feb; 59:398-402)
involving delivery of a 30% pure potassium chloride
solution in the blood cardioplegia line. Thus, said
method does not require a special cardioplegic so-
lution. The cardioplegic mixture is a combination of
blood and potassium chloride. The disadvantage of
this method is a high risk of drug dosage and admin-
istration time errors. High potassium levels may re-
sult in a failure to restore the heart function, while
low potassium levels can lead to a sudden resump-
tion of heart beat, exhaustion of energy resources,
and, as a consequence, to myocardial ischemia. A
further drawback of this method is that the cardio-
plegic mixture lacks additional agents to protect the
myocardium. This may have negative consequenc-
es, when during surgery it becomes necessary to
interrupt the delivery of cardioplegia for a long time
in order to clean the surgical site from blood.

3. Cold blood potassium cardioplegia (CBPC) and
normothermic perfusions ("warm body, cold heart").
This method involves using crystalloid cardioplegic
solutions mixed with cold blood for infusion in the
heart. To conduct comparative studies, the author
"proposed and introduced into clinical practice a sim-
ple and generally available solution for delivering
blood cardioplegia. Said solution is prepared pre-
dominantly based on official solutions using mini-
mum components..." Among the drawbacks of this
method one should mention its inability to avoid a
negative impact of hypothermia on the myocardium,
because cold blood stops adequately sustain acid-
base and osmotic homeostasis and is unable to pen-
etrate into smallest capillaries due to higher viscosity
and interstitial edema.

[0003] Further to the above, the following should be
noted.
[0004] The CCC procedure described in [1], which in-
volves two self-prepared solutions of rather complicated
formulations-a high-potassium one for cardiac arrest and
a low-potassium one for subsequent perfusions-is rarely
used in practice. The reasons are a high labor input re-
quired for preparing said solutions and a need to control
the quality of resulting drugs. In the majority of cases,
cardiac arrest and maintenance of asystole during the
CCC procedure are achieved using industrially available
crystalloid cardioplegic solutions, for example, Custodiol.
For years of application of this procedure, dozens of other
formulations for cold cardioplegia have been developed,
but the challenge of reducing surgical complications as-
sociated with the cooling of the myocardium and the
whole body and the use of blood substitute remains pend-
ing.
[0005] An alternative to cold crystalloid cardioplegia is
warm blood cardioplegia, which employs a patient’s own
warm blood for myocardial protection. However, there
are no generally established or commonly obvious tech-
nical solutions in this field. Some authors choose to com-
bine cold- and warm-blood cardioplegic procedures.
Thus, the use of the IWBPC procedure (potassium chlo-
ride injections) [1] carried out without cooling must pre-
vent related complications. However, in the invention RU
2195878 C2 titled Method for Patient Protection in Cor-
onary Artery Bypass Graft Surgery (Oblast Clinical Hos-
pital No 1, Sverdlovsk Oblast) [2], it is suggested to pro-
vide an additional protection of the myocardium through
cooling it while maintaining a patient’s normal body tem-
perature: "The cardioplegic solution is cooled to 6-8°C
and infused into the coronary bed intermittently at 25- to
30-min intervals, while providing additional local cooling
of the myocardium by placing sterile crushed ice into the
pericardial cavity." The CBPC procedure described in [1]
is based on the application of a crystalloid solution for
cold blood cardioplegia, i.e., on mixing cold blood and a
blood substitute solution. In hypothermia, blood loses its
transport function, as its viscosity and hemoglobin oxy-
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gen affinity increase, and that, in the best case, makes
its use for cardiac protection impractical or, in the worst
case, may cause thrombosis of small capillaries, devel-
opment of myocardial infarction or a stroke affected by
microvasculature paralysis as a result of lactic acidosis
and hypoosmotic interstitional cerebral edema with mul-
tiple organ failure.
[0006] In the paper "Blood Cardioplegia" by Juergen
Martin and Christoph Benk, University Hospital Freiburg,
Department of Cardiovascular Surgery, MMCTS (Octo-
ber 9, 2006). doi:10.1510/mmcts. 2004.000745 [3], the
authors describe various procedures for delivering blood
cardioplegia and provide a standard scheme thereof
comprising cold induction until complete cardioplegic ar-
rest is achieved, reinfusions of cold blood cardioplegia
for 1 min repeated at 20-min intervals, and warm terminal
reperfusion prior to releasing the aortic clamp, i.e., when
the main phase of the operation is completed. In the pa-
per, mention is made of "continuous warm blood cardio-
plegia" aimed at preventing any reperfusive myocardial
injury prior to the release of the aortic clamp. "However,
most surgeons discontinue cardioplegic flow for a few
minutes during construction of the distal anastomoses
leading to ’unintentional’ myocardial ischemia. In addi-
tion, cardioplegic overdose is a potential problem using
this technique." This explicitly specifies that when apply-
ing continuous warm blood cardioplegia prior to the re-
lease of the aortic clamp, the authors have no obvious
solutions for protecting the myocardium from ischemia,
reperfusive damage, and hyperkalemia-the major prob-
lems of this method. A similar problem is pointed out in
the book by G.E. Morgan and M.S. Mikhail, Clinical An-
esthesiology, Book 2 (transl. from English), M.-SPb:
BRShOM-Nevsky Dialect Publ., 2000 [4], where they
mention about the occasional use of continuous warm
blood cardioplegia that may be superior to intermittent
hypothermic cardioplegia in respect of myocardial pro-
tection, but the unavailability of a bloodless field compli-
cates the surgical procedure and, moreover, normother-
mic cardiac surgery is performed in the absence of hy-
pothermic protection, especially, with respect to the
brain.
[0007] Consequently, based on the above-mentioned
sources one can conclude that to date the techniques of
continuous warm blood cardioplegia have not been ad-
equately elaborated and respective special cardioplegic
compositions have not been well enough developed.
[0008] The closest analog of this invention is a drug
claimed in RF patent 2145843 [5] and meant to be used
for continuous blood cardioplegia. Said patent covers two
solution types-NCS1 and NCS2 (hereinafter NCS stands
for Normothermic Cardioplegic Solution) comprising po-
tassium chloride, magnesium sulfate, tris-(hydroxyme-
thyl)-aminomethane (trometamol), and mannitol. The so-
lutions substantially differ in potassium chloride content:
in NCS1 (high potassium solution), the concentration of
potassium chloride is 7.0-8.0 g/L; magnesium sulfate,
2.17-2.27 g/L; trometamol, 0.06-0.08 g/L; and mannitol,

28.84-34.09 g/L; while in NCS2 (low potassium solution),
the concentration of potassium chloride is 1.91-2.08 g/L;
magnesium sulfate, 2.17-2.27 g/L; trometamol,
0.04-0.06 g/L; and mannitol, 44.57-49.83 g/L. According
to said patent, NCS1 is used for cardiac arrest and NCS2,
to maintain asystole. The procedure described in [5] is
as follows: "NCS is continuously mixed with blood from
the oxygenator in a ratio of 1:4. After aortic cross clamp-
ing, NCS is infused into the heart for 6 minutes. A mixture
of NCS1 and blood is infused at a rate of 250-300 mL/min.
To maintain asystole, a mixture of NCS2 and blood is
infused at a rate of 100-150 mL/min in the same ratio-
1:4. Upon completion of the intracardiac phase of the
operation, the NCS infusion is stopped."
[0009] It is known from papers that the disadvantage
of NCS1 is a risk of complications during cardiac arrest,
while the disadvantage of NCS2 is a risk of restarting
ventricular (in about 2.5% of patients) and atrial (in about
5% of patients) activities during the operation (L.A. Bok-
eriya, V.E. Volgushev, R.R. Movsesyan, R. Aibazov, I.I.
Berishvili, and I.Yu. Sigaev. Using a Normothermic Car-
dioplegic Solution in Myocardial Revascularization (in
Russian), Grudnaya i Serdechno-Sosudistaya Khirurgi-
ya (Thoracic and Cardiovascular Surgery), No.4, 2006,
p.5). In addition, the drawback of both NCS1 and NCS2
is a need to make a break for changing the type of solu-
tion, which can lead to resumption of cardiac activity and
may have an adverse impact on myocardial protection.
It should be noted that a need to switch to the other so-
lution may arise not only in the initial phase of cardiople-
gia when it comes to maintaining asystole but also during
the operation in case of spontaneous resumption of car-
diac activity. If the bioelectrical activity of the heart
resumes during the operation, it is necessary to reinfuse
NCS1 and then NCS2 (L.A. Bokeriya, V.A. Lishchuk,
I.Yu. Sigaev, M.V. Zatevakhina, D.Sh. Gazizova, L.V.
Sadykina, V.E. Volgushev, R.S. Ovchinnikov, A.V. Bula-
tov, and S.G. Khachatryan. Normothermic Cardiac Sur-
gery. Comparative Analysis of Hemodynamics in Myo-
cardial Revascularization Operations under Hypo- and
Normothermia (in Russian). Klinicheskaya Fiziologiya
Krovoobrashcheniya (Clinical Physiology of Circulation),
2006, No.3, p.63).
[0010] The disadvantages of the two solution types are
as follows:

• Creating a risk of myocardial injury due to a possible
erroneous disturbance of the sequence of solutions
applied;

• Reducing the efficiency of cardioplegia manage-
ment, which is especially critical in pediatric cardiac
operations as well as surgeries on newborn babies
and low-weight babies at breast;

• Increasing logistic expenses on the acquisition and
storage of two types of medicinal products.

[0011] Searching for high-potency cardioplegic solu-
tions enabling a better myocardial protection, expansion
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of surgical indications, and reduction of cardiac operative
mortality with cardiopulmonary bypass using blood car-
dioplegia, and possessing such features as versatility,
simplicity of preparation and use, and commercial avail-
ability is one of the focal areas in designing novel cardi-
oplegic solutions.

Summary of the Invention

[0012] The inventors undertook efforts to further de-
velop the blood cardioplegia approach described in [5],
including those targeted at using one cardioplegic solu-
tion for both achieving and maintaining asystole.
[0013] The inventors analyzed the compositions of car-
dioplegic solutions discussed in [1-5] as well as the op-
tions of infusion therapy applied in cardiac surgery with
cardiopulmonary bypass.
[0014] The majority of cardioplegic compositions con-
tain potassium chloride and in many cases, magnesium
sulfate. It is precisely potassium and magnesium ions
that are responsible for cardiac arrest. At the same time,
in infusion therapy they often employ special solutions
for adjusting pH levels, increasing osmolarity, regulating
the ionic composition of blood, compensating blood loss,
and filling the volume of the heart-lung machine. Said
solutions may also comprise various potassium and mag-
nesium salts. For correct calculation of the volume of
cardioplegic solution to be delivered in a patient’s blood,
it is desirable to express potassium and magnesium con-
tents in terms of the number of potassium and magnesi-
um ions rather than in terms of the volume of respective
salts. This simplifies the calculation of the number of ions
in the patient’s blood when concomitant infusion therapy
takes place.
[0015] A high-potassium NCS1 solution was prepared
according to [5] with a concentration of potassium chlo-
ride equal to 7.45 g/L; magnesium sulfate, 2.2 g/L; tromet-
amol, 0.08 g/L; and mannitol, 30 g/L. After sterilization,
the pH level was 7.7. Said solution was used for admin-
istering blood cardioplegia in coronary bypass surgery
and for solution shelf-life control. In [5] it was claimed that
the shelf life at room temperature was up to 12 months.
[0016] Said solution was used in 18 operations. In the
first 9 operations, to achieve asystole, the solution was
first infused in a ratio of 1:4 with blood at a rate of 250-300
mL/min for 6 minutes. Seven patients experienced asys-
tole within 1-2 minutes and two patients, within 3-6 min-
utes. Whenever the other nine patients failed to experi-
ence asystole within 3 minutes, the solution to blood ratio
was changed to 1:2. That was done for four patients, and
all of them experienced asystole within 1 minute after
changing the solution to blood ratio, i.e., within 3-4 min-
utes after starting infusion. After the onset of asystole in
the first 9 patients, the solution was infused at a rate of
100-150 mL/min and in a ratio with blood of 1:8. Two
patients experienced resumption of ventricular electro-
mechanical activity and 3 patients, atrial activity. In all
these cases, the solution to blood ratio was within one

minute changed to 1:2, which always led to the reoccur-
rence of the asystole. The other 9 patients in asystole
were also administered the solution at a rate of 100-150
mL/min, but the solution to blood ratio this time was 1:6.
In this case, ventricular activity was noted only in one
patient. Here, again, the solution to blood ratio was
changed to 1:2 within one minute followed by complete
asystole resumption. In said 9 patients, before stopping
the cardioplegic flow for cleaning the surgical site before
performing distal anostomosis, the solution to blood ratio
was changed within 1 minute to 1:2. Said 9 patients did
not experience resumption of electromecanical cardiac
activity either during or after the performance of distal
anastomoses.
[0017] It was found that after 3 months in storage, the
pH level of the NCS1 solution prepared according to [5]
began to decrease below the established limit of 7.7. The
maintenance of slightly alkaline pH within defined limits
is needed to prevent lactic acidosis in cardiac arrest.
Therefore, the required volume of trometamol within
0.06-0.08 g/L is insufficient for enabling the initially es-
tablished level of pH in long storage. This is a major ob-
stacle to commercial production of this drug. To eliminate
said obstacle, the inventors increased the volume of
trometamol to 0.06-1.0 g/L with the aim to enhance the
pH buffer and thus compensate for increasing solution
acidity in long-term storage. However, a higher content
of trometamol increases the solution’s pH. To maintain
the pH level, it was proposed to use any pharmaceutically
acceptable acid. Using, to this effect, an inorganic acid,
such as sulfuric or hydrochloric, requires a higher preci-
sion of dosage thereof. Organic acids, such as citric or
acetic, are weaker, which makes the adjustment of dos-
age easier. However, the absolute volume required for
organic acids would then be two to three times as great.
A possible way is using two types of acids, when, for
example, the required pH level of the solution is reached
roughly by means of hydrochloric acid and then the exact
value is adjusted by means of acetic acid.
[0018] Trometamol applied in this composition is a
chemical base and can be replaced by any other phar-
maceutically acceptable base. For example, if a patient
has renal, hepatic or respiratory failure, it is desirable to
substitute trometamol for sodium bicarbonate.
[0019] For a patient with an apparent renal failure and
indication for coronary artery bypass graft surgery, a car-
dioplegic solution without trometamol was prepared, in
which the concentration of potassium chloride was 7.45
g/L; magnesium sulfate, 2.2 g/L; sodium bicarbonate, 2
g/L; and mannitol, 30 g/L. After sterilization, the pH was
7.7. The cardiac operation was successful, and no dete-
rioration of renal function occurred.
[0020] A cardiac operation with cardiopulmonary by-
pass involves a serious risk of development of myocardial
or cerebral edema. That is why cardioplegic solutions are
generally made hyperosmolar. In [5], mannitol was used
to maintain osmolarity within 407-425 mOsmol/kg. In
some cases, however, the use of mannitol can lead to
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hypersensitivity reactions expressed as anaphylactic
shock. In this case, it is reasonable to apply other phar-
maceutically acceptable diuretics, for example, the ions
of sodium, glucose, dextrose, sorbitol, colloid or a com-
bination of these substances.
[0021] To maintain osmolarity at a required level of 425
mOsmol/kg in a patient with hypersensitivity to mannitol
and indication for coronary artery bypass graft surgery,
a cardioplegic solution was prepared, wherein mannitol
was substituted for glucose. The concentration of potas-
sium chloride was 7.45 g/L; magnesium sulfate, 2.2 g/L;
trometamol, 0.08 g/L; and glucose, 25 g/L. The cardiac
operation was successful, and no allergic reactions were
observed.
[0022] In cardiac surgery, it is not recommended to ad-
minister diuretics, if the initial osmolality of a patient’s
blood plasma is above 320 mOsmol/kg. Such osmolarity
values may be common in patients with chronic renal
failure, decompensated diabetes. In these cases, it is not
reasonable to include diuretics in the cardioplegic solu-
tion. When conducting a cardiac operation on such pa-
tients, the osmolarity of blood plasma is controlled by
special techniques, for example, hemodialysis, regard-
less of the use of a cardioplegic solution. In our practice,
for a patient on hemodialysis suffering from chronic renal
failure and having an increased blood osmolarity, who
faced coronary artery bypass graft surgery, a cardiople-
gic solution containing no diuretics was prepared, where-
in the concentration of potassium chloride was 7.45 g/L;
magnesium sulfate, 2.2 g/L; and trometamol, 0.08 g/L.
The cardiac operation was successful, and no deteriora-
tion of the patient’s condition occurred.
[0023] A patient with a hypersensitivity to magnesium
sulfate was referred for coronary artery bypass graft sur-
gery. A cardioplegic solution was prepared without mag-
nesium sulfate but with a higher content of potassium
chloride. The concentration of potassium chloride was
10 g/L; trometamol, 0.08 g/L; and mannitol, 30 g/L. The
cardiac operation was successful, and no allergic reac-
tions were observed. In another case, the patient suffered
a myocardial infarction and was at risk of cerebral edema.
He was assigned a therapy including, inter alia, intrave-
nous injections of a 25% magnesium sulfate solution at
a rate of 20 mL twice a day. For coronary artery bypass
graft surgery, a cardioplegic solution was prepared with
a lower content of magnesium sulfate-4 mmol/L. The con-
centration of potassium chloride was 7.45 g/L; magnesi-
um sulfate, 1 g/L; trometamol, 0.08 g/L; and mannitol, 30
g/L. The cardiac operation was successful with no cere-
bral or myocardial edema detected.
[0024] For further research, a modified solution with a
higher content of potassium chloride and trometamol was
prepared, to which hydrochloric acid was added. The
concentration of potassium chloride was 8.38 g/L; mag-
nesium sulfate, 2.34 g/L; trometamol, 0.5 g/L; mannitol,
35.9 g/L; and hydrochloric acid, 3.2 ml/L. The pH level
after sterilization was 7.8. Said solution was employed
for administering blood cardioplegia in coronary artery

bypass surgery (17 operations) as well as for solution
shelf-life control. In said operations, the solution was in-
itially infused in a ratio of 1:4 with blood at a rate of
250-300 mL/min. Fourteen patients experienced asysto-
le within 1-2 minutes and one, in the 4th minute. When
one patient failed to experience asystole within 4 min-
utes, the solution to blood ratio was changed to 1:2, and
the asystole occurred within 1 minute. After the onset of
asystole, the solution was infused at a rate of 100-150
mL/min and in a ratio with blood of 1:8. Only one patient
experienced resumption of cardiac electromechanical
activity, so the solution to blood ratio was within one
minute changed to 1:2, and the asystole reappeared. No
atrial activity was observed.
[0025] Then, a low potassium chloride solution was
prepared wherein the concentration of potassium chlo-
ride was 3.0 g/L; magnesium sulfate, 2.1 g/L; trometamol,
0.2 g/L; and mannitol, 30 g/L. Acetic acid with pH = 7.2
was chosen as a pharmaceutically acceptable acid. After
sterilization, the pH was 7.1. The solution thus prepared
was employed for administering blood cardioplegia in
coronary artery bypass surgery as well as for solution
shelf-life control. Said solution was used in 7 operations.
The solution was initially infused in the ratio of 1:1 with
blood at a rate of 250-300 mL/min. All the 7 patients ex-
perienced asystole within 1-2 minutes. After the onset of
asystole, the solution was infused at a rate of 100-150
mL/min and in the ratio with blood of 1:4. Only one patient
exhibited atrial activity; the solution to blood ratio was
hence changed to 1:2 within 1 minute, and the activity
stopped.
[0026] Finally, a solution with a very high content of
potassium chloride and an increased content of tromet-
amol was prepared. The concentration of potassium
chloride was 15 g/L; magnesium sulfate, 2.5 g/L; tromet-
amol, 1 g/L; and mannitol, 40 g/L. Citric acid with pH up
to 9.0 was taken as a pharmaceutically acceptable acid.
After sterilization, the pH level was 8.9. The solution thus
prepared was employed for administering blood cardio-
plegia in coronary artery bypass surgery as well as for
solution shelf-life control. Said solution was used in 10
operations. Throughout the operation, the solution was
infused at a rate of 100-150 mL/min. To achieve asystole,
the solution to blood ratio was made 1:4. All the 10 pa-
tients experienced asystole within 1-2 minutes. After the
onset of asystole, the solution to blood ratio was made
1:10. No resumption of ventricular or atrial activity was
noted.
[0027] The technique of varying potassium chloride
content in the cardioplegic solution during surgery was
tested on 5 patients. To this end, we prepared a cardio-
plegic solution with a low potassium chloride content. The
concentration of potassium chloride was 3.0 g/L; mag-
nesium sulfate, 2.1 g/L; trometamol, 0.2 g/L; mannitol,
30 g/L; and acetic acid, 5.2 mL/L. In addition, a program-
mable syringe dispenser filled with a 30% potassium
chloride solution was employed. The potassium chloride
solution was infused from the syringe dispenser into the
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cardioplegic line, wherein it was mixed with the prepared
solution prior to infusing into the coronary bed. In the
syringe dispenser, two infusion modes were provided-
one for achieving and one for maintaining asystole. The
estimated concentrations of potassium chloride in the
cardioplegic line were 8.38 g/L and 3.0 g/L, respectively.
[0028] The cardioplegic mixture was fed at a constant
rate of 250 mL/min with a solution to blood ratio of 1:4.
To monitor the parameters of the mixture of general-pur-
pose cardioplegic solution and blood at the entry into the
B coronary bed as well as blood parameters in the car-
diopulmonary bypass system, we used the CDI™ 500
blood parameter monitors (Terumo Cardiovascular Sys-
tems Corporation) allowing one to monitor potassium ion
content in real time. In the first mode (asystole achieve-
ment), all the 5 patients experienced asystole within 1-3
minutes. After the onset of asystole, the syringe dispens-
er was switched to the asystole maintenance mode. Dur-
ing the cleaning of the surgical site, the cardioplegic flow
and the infusion pumps were stopped, but there was no
sign of resuming the atrial or ventricular activities.
[0029] Tests on the long-term storage of our solutions
having a high content of trometamol (up to 1 mg/L) and
comprising a pharmaceutically acceptable acid showed
that the shelf life of said solutions at room temperature
would be at least two years with maintaining the desired
pH level in the range of 7.1-8.9. This allows one to com-
mercialize said solutions, which is of significant impor-
tance. With pharmacy production of said drugs, immedi-
ately before using them, one can add a minimum amount
of pharmaceutically acceptable acid , for example, 0.1
mL and trometamol, for example, 0.06 g/L to obtain the
desired pH with the solution to blood ratio taken into ac-
count.
[0030] Eventually, a very broad range of variation in
allowable component ratios for the cardioplegic solution
has been obtained. Within that range, said solution var-
iants have their individual characteristics making them
preferable under certain conditions. Thus, a cardioplegic
infusion rate within 250-300 mL/min provides a sufficient
blood flow to the heart and a good protection against
ischemia even in myocardial hypertrophy. For said rate,
a preferable solution would be one containing potassium
chloride in the range from 3 to 9 g/L. However, such flow
rate may be unacceptable in some pathologies or in pedi-
atric cardiac surgery, because it can lead to myocardial
injury. A high infusion rate may also cause hemodilution,
which may be undesirable under certain conditions. For
low infusion rates (from 20 to 150 mL/min), a preferable
solution would be one with a high content of potassium
chloride (from 9 to 15 g/L). The proportion of solution
components is significantly affected by the solution to
blood ratio. Typically, said ratio is 1:4, because it provides
enough blood for myocardial protection and, at the same
time, ensures a sufficient volume of cardioplegic solution.
Said ratio allows one to conduct a long-term cardioplegia
and provide an adequate myocardial protection. It is pos-
sible, however, to safely reduce this ratio in the range

from 1:4 to 1:1 for a short time, in order to accelerate
asystole or to saturate the myocardium with solution com-
ponents prior to interrupting the cardioplegic flow for
cleaning the surgical site. We also recommend a tempo-
rary reduction of said ratio to 1:1 in case of spontaneous
resumption of cardiac function or the emergence of atrial
activity until complete asystole resumption is achieved.
Increasing the solution to blood ratio from 1:4 to 1:10 is
necessary when the same solution is used for maintain-
ing the asystole. In some pathologies of cardiac vessels
or in pediatric cardiac surgery, it is preferable to have a
continuous low rate of delivering the mixture of blood and
cardioplegic solution. In this case, an efficient approach
will be using a low-potassium general-purpose solution
and a syringe dispenser with a potassium chloride solu-
tion for changing the concentration of potassium chloride
in the mixture of blood and cardioplegic solution being
delivered.
[0031] The herein described method of using a cardi-
oplegic solution can be especially effective in normoth-
ermic conditions, when the solution itself and the patient’s
heart and body are not cooled. Using the general-pur-
pose cardioplegic solution provides a possibility to carry
out cardioplegia for an unlimited period of time due to the
absence of ischemia and reperfusion injuries during and
after the infusion thereof. This feature allows one to re-
duce surgical complications and expands the range of
indications for surgery with cardiopulmonary bypass cov-
ering those patients for whom cardiac surgery in hypo-
thermia is contraindicated.
[0032] Said cardioplegic solution can also be applied
under hypothermic conditions in those cases, when hy-
pothermia is a traditional or obligatory practice in a given
cardiology clinic, or when emergent situations occur in
the course of surgery and it becomes necessary to inter-
rupt the cardioplegic flow for a long time. In these instanc-
es, it is recommended to employ surface (31-35°C) or
moderate (25-30°C) hypothermia, because a deeper
cooling of the cardioplegic solution can impair the pro-
tective properties of blood.
[0033] The technical result of the invention is to im-
prove myocardial protection, expand the range of indica-
tions for surgery, and reduce mortality in cardiac surgery
with cardiopulmonary bypass using blood cardioplegia.
A further technical result is the generality of the cardio-
plegic solution.
[0034] The novel cardioplegic solution proposed by the
inventors herein is called general-purpose, as it allows
one

• To use one drug both for achieving asystole and
maintaining the achieved asystole, which makes its
application convenient, facilitates surgery, mitigates
the risk of errors in using solutions, and reduces sur-
gery costs;

• To make said drug commercially available, in which
case the shelf life thereof is at least two years while
maintaining the required pH level, to prepare the
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drug immediately before the operation, and to pre-
pare the drug directly in the course of surgery varying
its parameters;

• To administer cardioplegia according to a typical or
patient-specific scheme;

• To apply directly during surgery various techniques
for changing cardioplegic mixture parameters, such
as the cardioplegic solution to blood ratio or the con-
centration of potassium chloride in the cardioplegic
solution;

• To use said cardioplegic solution for surgery in both
normothermia and hypothermia.

[0035] Furthermore, the proposed general-purpose
cardioplegic solution allows one

• To provide a continuous flow of cardioplegic solution
while switching from the cardiac arrest mode to the
asystole maintenance mode thus ensuring a contin-
uous myocardial protection;

• To reduce the time interval from the beginning of
infusion of the cardioplegic mixture to the occurrence
of asystole;

• To mitigate risks associated with a long-term cardiac
arrest in asystole, occurrence of cardiac activity and
fibrillation prior to the occurrence of asystole, and
resumption of cardiac beat while maintaining the
asystole;

• To vary the parameters of the cardioplegic mixture
directly during surgery depending on the patient’s
myocardial activity and biochemical blood parame-
ters, whether computer-aided or not.

[0036] The subject of the present invention relates to
a novel general-purpose cardioplegic solution for use in
surgery for achieving asystole and maintaining the
achieved asystole containing the following pharmaceu-
tically acceptable components:

Potassium ions: 40.2 - 200.1 mmol/l;
Magnesium ions: 0 - 24.3 mmol/l;
Base and acid to get the solution’s pH of 7.1-8.9;
Distilled water: up to 1000 ml.

[0037] The base used in said drug can be any phar-
maceutically acceptable base, for example, trometamol
or sodium bicarbonate.
[0038] The acid used in said drug is one or more phar-
maceutically acceptable acids selected from the group
of organic or inorganic acids, for example, sulfuric acid,
hydrochloric acid, citric acid, acetic acid.
[0039] The subject of the present invention relates to
a novel general-purpose cardioplegic solution for use in
surgery for achieving asystole and maintaining the
achieved asystole comprising the following pharmaceu-
tically acceptable components:

Potassium ions: 40.2-200.1 mmol/l;

Magnesium ions: 0-24.3 mmol/l;
Base and acid to attain the solution’s pH within
7.1-8.9;
A pharmaceutically acceptable diuretic to ensure os-
molality within 275-460 mOsmol/kg;
Distilled water: up to 1000 ml.

[0040] The diuretic used in said drug can be selected
from pharmaceutically acceptable diuretics, for example,
mannitol, glucose, dextrose, sorbite.
[0041] The preferred composition of the general-pur-
pose cardioplegic solution contains the following compo-
nents:

Potassium chloride: 7.45 g;
Magnesium sulfate: 2.34 g;
Trometamol: 0.5 g;
Hydrochloric acid: 1M to attain pH 7.6-8.0;
Mannitol: 35.9 g;
Distilled water: up to 1000 ml.

[0042] Also, the preferred composition of the general-
purpose cardioplegic solution contains the following
components:

Potassium chloride: 8.38 g;
Magnesium sulfate: 2.34 g;
Trometamol: 0.5 g;
Hydrochloric acid: 1M to attain pH 7.6-8.0;
Mannitol: 35.9 g;
Distilled water: up to 1000 ml.

[0043] The two most preferable compositions (for in-
dustrial production of a general-purpose cardioplegic so-
lution) are:

A. Containing the following components:

Potassium chloride: 7.45 g;
Magnesium sulfate: 2.34 g;
Trometamol: 0.5 g;
Hydrochloric acid: 1M to attain pH 7.6-8.0;
Mannitol: 35.9 g;
Distilled water: up to 1000 ml;

B. Containing the following components:

Potassium chloride: 8.38 g;
Magnesium sulfate: 2.34 g;
Trometamol: 0.5 g;
Hydrochloric acid 1M to attain pH 7.6-8.0
Mannitol: 35.9 g;
Distilled water: up to 1000 ml.

[0044] Solution B, as distinct from Solution A, has a
higher concentration of potassium chloride, which means
that with equal delivery volumes, the cardioplegic mixture
in this case provides a faster onset of asystole but de-
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mands a more rigid control of the volume of solution in-
fused in order to avoid hyperkalemia. Using Solution A
reduces the risk of hyperkalemia but increases the risk
of a longer cardiac arrest and fibrillation development.
[0045] It has been found that in administering blood
cardioplegia, a higher volume of potassium chloride de-
livery into blood reduces the time to the onset of asystole
and mitigates risks associated with ventricular fibrillation
and cardiac activity in cardiac arrest.
[0046] It has been found that it is more efficient to main-
tain the achieved asystole not by replacing one solution
with another (a high-potassium one with a low-potassium
one), but rather by varying the volume of delivery of a
single general-purpose cardioplegic solution or by
changing the proportion of the solution’s active compo-
nents and blood. In so doing, it is possible to vary the
volume of potassium chloride contained in the cardiople-
gic solution using the following techniques:

• Changing solution flow rate relative to blood flow
rate;

• Changing the concentration of potassium chloride in
the solution while holding solution and blood flow
rates constant;

• Changing simultaneously solution and blood flow
rates;

• Combining the three techniques mentioned above.

[0047] The choice of a specific technique for changing
the level of potassium in the cardioplegic mixture de-
pends on the phase of cardioplegia, the experience of
the surgical team, and the availability of equipment re-
quired for perfusion and for mixing solution components.
[0048] The following processes are understood as car-
dioplegia phases:

• Initial asystole achievement. As a rule, when using
a solution with an average potassium level
(7.45-8.38 g/L) and a ratio of cardioplegic solution
and blood equal to 1:4, asystole is achieved within
1-3 minutes and occurs with no ventricular fibrillation
or atrial activity. However, some patients begin to
experience asystole only in more than 4 minutes and
it may occur following via fibrillation, thus adversely
affecting myocardial safety. In such cases, we rec-
ommend, prior to asystole occurrence, to increase
the content of potassium chloride in the solution up
to 15 g/L or to change the solution to blood ratio from
1:4 to 1:2 or 1:1 until asystole occurs. To ensure
asystole achievement in using a solution with a low
potassium level (3.0-7.44 g/L), the cardioplegic so-
lution to blood ratio must be changed from 1:1 to 1:4.
When using a solution with a high potassium level
(8.39-15 g/L), the cardioplegic solution to blood ratio
must be accordingly changed from 1:4 to 1:10;

• Secondary asystole achievement (in case the heart
suddenly resumes electromechanical activity).
Here, to achieve a secondary asystole, we recom-

mend to increase the content of potassium chloride
in the solution up to 15 g/L or to decrease the solution
to blood ratio;

• Maintaining the achieved asystole. In this case, we
recommend to decrease the content of potassium
chloride in the solution down to 3.0 g/L or to change
the solution to blood ratio from 1:4 down to 1:10. If
cardiac activity suddenly resumes while the patient
is in asystole, then upon achieving a secondary asys-
tole, it is necessary to maintain either a higher level
of potassium in the solution or a higher solution to
blood ratio;

• Preparation for temporary interruption of cardiople-
gic flow for the time of cleaning the surgical site. The
delivery of cardioplegic mixture can be interrupted
for 10-30 minutes. It is recommended, one minute
before the cessation of cardioplegia delivery, to in-
crease either the content of potassium chloride in
the solution (to 15 g/L) or the solution to blood ratio;

• Preparation for the termination of cardioplegia and
the resumption of cardiac function. It is recommend-
ed that 10 minutes before the termination of cardio-
plegia the content of potassium chloride in the solu-
tion should be decreased to 3.0 g/L and the solution
to blood ratio should be changed to 1:10.

[0049] Said solution components in gram-per-liter con-
centrations allow one to efficiently solve the problems of
cardioplegia and provide protective functions including
preservation of the pumping function of the heart, elimi-
nation of acidosis, maintenance of the pH level, and pre-
vention of myocardial and cerebral edema. It is to be
noted that blood also performs some other myocardial
protection functions, such as supplying oxygen and nu-
trients, eliminating oxidative products, and providing pro-
tection against bacterial and viral contamination. It is the
use of blood that actually removes constraints on the
duration of an operation, in which a general-purpose car-
dioplegic solution is applied.
[0050] The proportion of solution components and
blood in the cardioplegic mixture can vary from 1:1 to
1:10. Said proportion depends on the concentration of
potassium in the stock solution and the objective to be
met in a given phase of cardioplegia delivery. As a rule,
cardioplegia is started with a solution to blood ratio of
1:4. Subsequently, whenever a need arises in a sooner
onset of asystole or in interrupting the delivery of cardi-
oplegic mixture, said ratio can be increased maximum to
1:1. After the onset of asystole or before the termination
of cardioplegia, said ratio can be decreased maximum
to 1:10.
[0051] The invention is illustrated by the following
drawings.

Figure 1.
Scheme for application of general-purpose cardio-
plegic solution using a heart-lung machine (HLM)
roller pump.

13 14 



EP 3 167 874 B1

9

5

10

15

20

25

30

35

40

45

50

55

1 - HLM arterial pump; 2 - oxygenator connector for
arterial perfusion; 3 - oxygenator; 4 - oxygenator con-
nector for coronary perfusion; 5 - tubing line for cor-
onary blood perfusion; 6 - pump for coronary blood
perfusion; 7 - T-joint for stock solution and blood, 8
- vial with stock solution; 9 - HLM pump for feeding
stock solution; 10 - tubing line for coronary perfusion
of stock solution.

Figure 2.
Scheme for application of general-purpose cardio-
plegic solution, wherein potassium chloride content
is changed during surgery using a syringe dispenser.
1 - HLM arterial pump; 2 - oxygenator connector for
arterial perfusion; 3 - oxygenator; 4 - oxygenator con-
nector for coronary perfusion; 5 - tubing line for cor-
onary blood perfusion; 6 - pump for coronary blood
perfusion; 7 - T-joint for stock solution and blood, 8
- vial with stock solution; 9 - HLM pump for feeding
stock solution; 10 - tubing line for coronary perfusion
of stock solution; 11 - syringe dispenser with potas-
sium chloride solution.

Figure 3.
Scheme for application of general-purpose cardio-
plegic solution using a syringe dispenser.
1 - oxygenator; 2 - syringe dispenser with stock so-
lution; 3 - oxygenator connector for arterial perfusion;
4 - oxygenator connector for coronary perfusion; 5 -
HLM arterial pump; 6 - HLM pump for coronary per-
fusion; 7 - tubing line for coronary blood perfusion.

[0052] Examples below illustrate but do not limit this
invention.

Example 1.

[0053] Delivery of general-purpose cardioplegic solu-
tion (GPCS) using a HLM roller pump (Fig. 1). This is the
most universal scheme. Here, GPCS components are
as follows:

Potassium chloride: 8.38 g;
Magnesium sulfate: 2.34 g;
Trometamol: 0.5 g;
Mannitol: 35.9 g;
Hydrochloric acid: 1M to attain pH = 7.9;
Distilled water: up to 1000 ml.
Osmolality is 440 mOsmol/kg.

[0054] After the beginning of surgery and connection
of the patient to a heart-lung machine, perfusion is per-
formed at a body and heart temperature maintained with-
in 25-37°C (the optimum temperature is 36-37°C). After
puncturing the aorta with a cardioplegic cannula, the
stock solution is continuously mixed with autoblood from
the oxygenator at a ratio of 1:4. To perform cardiac arrest,
GPCS is infused into the aortic root or directly into the

coronary ostia, while maintaining infusion pressure in the
aortic root at max 100 mm Hg. Following aortic cross
clamping, GPCS is infused into the heart for 5 minutes
to reach a stable cardiac arrest. The rate of GPCS infu-
sion varies from 200 to 350 mL/min. To maintain the asys-
tole, GPCS is infused into the aortic root or directly into
the coronary ostia, while maintaining infusion pressure
in the aortic root at max 100 mm Hg, or into the coronary
sinus, while maintaining GPCS infusion pressure at max
50 mm Hg. To maintain the asystole (, the rate of GPCS
delivery is slowed down to 50-150 mL/min at a solution
to blood ratio of 1:8. GPCS infusion time and volumetric
flow rate parameters as well as the ratios of the stock
solution and autoblood from the oxygenator are deter-
mined by the preoperative concentration of potassium in
the patient’s blood and the size and mass of his/her heart.
Upon passing through the heart, GPCS gets into the gen-
eral circulation. After the intracardiac phase of surgery
is completed, the GPCS delivery is stopped.

Example 2.

[0055] GPCS delivery using a HLM roller pump, where-
in potassium chloride content is changed during surgery
using a syringe dispenser (Fig. 2). This scheme is more
preferable in cardiovascular pathologies, when it is de-
sirable to keep the rate of cardioplegic mixture perfusion
at a constant level. Here, GPCS components are as fol-
lows:

Potassium chloride: 3.0 g;
Magnesium sulfate: 2.1 g;
Trometamol: 0.2 g;
Mannitol: 30.0 g;
Acetic acid: 1M to attain pH = 7.1;
Distilled water: up to 1000 ml.

The syringe dispenser is filled with a 30% potassium chlo-
ride solution.
[0056] After the beginning of surgery and connection
of the patient to a heart-lung machine, perfusion is per-
formed with keeping the temperatures of the body and
the heart within 25-37°C (the optimum temperature is
36-37°C). After puncturing the aorta with a cardioplegic
cannula, the stock solution is continuously mixed with
autoblood from the oxygenator at a ratio of 1:5. GPCS is
infused into the aortic root or directly into the coronary
ostia, while maintaining infusion pressure in the aortic
root at max 100 mm Hg. The rate of potassium chloride
flow from the syringe dispenser is adjusted such that the
concentration in the cardioplegic line is 8.0 g/L. On
achieving asystole, along with GPCS infusion, the solu-
tion from the syringe dispenser is fed for 5 minutes to
reach a stable cardiac arrest. In maintaining the asystole,
the delivery of the solution from the syringe dispenser is
stopped while that of GPCS continues. The delivery of
GPCS can be interrupted for cleaning the surgical site
for up to 20 minutes. If the heart activity is suddenly re-
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sumed, along with GPCS infusion, potassium chloride
solution is fed from the syringe dispenser until a complete
cardiac arrest is reached. Upon passing through the
heart, GPCS gets into the general circulation. After the
intracardiac phase of surgery is completed, the GPCS
delivery is stopped.

Example 3.

[0057] GPCS infusion using a syringe dispenser (Fig.
3). This scheme is more preferable in pediatric surgery
and hemodynamically significant pathologies of myocar-
dial vasculature or when hemodilution is undesirable.
Here, GPCS components are as follows:

Potassium chloride: 15.0 g;
Magnesium sulfate: 2.5 g;
Trometamol: 1.0 g;
Mannitol: 40.0 g;
Citric acid: 1M to attain pH = 8.9;
Distilled water: up to 1000 ml.

[0058] After the beginning of surgery and connection
of the patient to a heart-lung machine, GPCS perfusion
is performed with keeping the temperatures of the body
and the heart within 25-37°C (the optimum temperature
is 36-37°C). After puncturing the aorta with a cardioplegic
cannula, GPCS fed by an electronic syringe dispenser
and oxygenated autoblood fed by an HLM roller pump
are mixed in a ratio of 1:4. To perform cardiac arrest,
GPCS is infused into the aortic root or directly into the
coronary ostia, while infusion pressure in the aortic root
is maintained at max 100 mm Hg. The initial infusion of
GPCS is made within 3-4 minutes after aortic cross
clamping and then for another minute after cardiac arrest
to ensure a stable asystole. Depending on the preoper-
ative concentration of potassium in the patient’s blood
and the size and mass of his/her heart, the volumetric
rate of stock solution flow from the syringe dispenser var-
ies from 40 to 70 mL/min and the rate of autoblood flow
from the HLM oxygenator varies from 160 to 280 mL/min.
Upon achieving a stable asystole, the GPCS volumetric
flow rate is decreased. The objective of this phase is to
maintain the asystole in a stable state. To this end, the
volumetric rate of stock solution delivery from the dosage
syringe dispenser is slowed down to 6-17 mL/min, while
the volumetric flow rate of oxygenated autoblood fed from
the HLM roller pump in a ratio from 1:8 to 1:10 is simul-
taneously decreased to 48-136 mL/min. GPCS infusion
time and volumetric flow rate parameters as well as the
ratios of the stock solution and autoblood from the oxy-
genator are determined by the preoperative concentra-
tion of potassium in the patient’s blood and the size and
mass of his/her heart. To maintain the asystole, GPCS
is infused into the aortic root or directly into the coronary
ostia, with infusion pressure in the aortic root maintained
at max 100 mm Hg, or into the coronary sinus, with GPCS
infusion pressure maintained at max 50 mm Hg.

Industrial applicability

[0059] This invention can be applied in human and vet-
erinary medicine.

Claims

1. A universal cardioplegic solution containing the fol-
lowing pharmaceutically acceptable components:

Potassium ions: 40.2-200.1 mmol/L;
Magnesium ions: 0-24.3 mmol/L;
Base and acid to attain the solution’s pH within
7.1-8.9;
Distilled water: up to 1000 ml,

for use in surgery for achieving asystole and main-
taining the achieved asystole.

2. A universal cardioplegic solution containing the fol-
lowing pharmaceutically acceptable components:

Potassium ions: 40.2-200.1 mmol/L;
Magnesium ions: 0-24.3 mmol/L;
Base and acid to attain the solution’s pH within
7.1-8.9;
Pharmaceutically acceptable diuretic providing
osmolality within 275-460 mOsmol/kg;
Distilled water: up to 1000 ml,

for use in surgery for achieving asystole and main-
taining the achieved asystole.

3. The universal cardioplegic solution for use according
to Claim 2, wherein the components are as follows:

Potassium chloride: 7.45 g;
Magnesium sulfate: 2.34 g;
Trometamol: 0.5 g;
Hydrochloric acid: 1M to attain pH 7.6-8.0
Mannitol: 35.9 g;
Distilled water: up to 1000 ml.

4. The universal cardioplegic solution for use according
to Claim 2, wherein the components are as follows:

Potassium chloride: 8.38 g;
Magnesium sulfate, g - 2,34
Trometamol: 0.5 g;
Hydrochloric acid: 1M to attain pH 7.6-8.0;
Mannitol: 35.9 g;
Distilled water: up to 1000 ml.

5. The universal cardioplegic solution for use according
to any one of Claims 1 to 4, wherein the solution has
a shelf life of at least two years.
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6. The universal cardioplegic solution for use according
to any one of Claims 1 to 5, wherein the solution is
employed under normothermic and hypothermic
conditions.

7. The universal cardioplegic solution for use according
to any one of Claims 1 to 5, wherein the surgery is
carried out under normothermic conditions.

8. The universal cardioplegic solution for use according
to any one of Claims 1 to 5, wherein the surgery is
carried out under hypothermic conditions.

9. The universal cardioplegic solution for use according
to any one of Claims 1 to 8, wherein for maintaining
asystole the solution to blood ratio is increased from
1:4 to 1:10.

Patentansprüche

1. Universelle kardioplegische Lösung enthaltend die
folgenden pharmazeutisch akzeptablen Komponen-
ten:

Kaliumionen: 40,2-200,1 mmol/l;
Magnesiumionen: 0-24,3 mmol/l;
Base und Säure für die Erreichung des pH-Wer-
tes der Lösung innerhalb von 7,1-8,9;
Destilliertes Wasser: bis zu 1000 ml,

zur Verwendung in der Chirurgie zur Erzielung von
Asystolie und Aufrechterhaltung der erzielten Asys-
tolie.

2. Universelle kardioplegische Lösung enthaltend die
folgenden pharmazeutisch akzeptablen Komponen-
ten:

Kaliumionen: 40,2-200,1 mmol/l;
Magnesiumionen: 0-24,3 mmol/l;
Base und Säure für die Erreichung des pH-Wer-
tes der Lösung innerhalb von 7,1-8,9;
Pharmazeutisch verträgliches Diuretikum, das
eine Osmolalität von 275 bis 460 mOsmol/kg
bereitstellt;
Destilliertes Wasser: bis zu 1000 ml,

zur Verwendung in der Chirurgie zur Erzielung von
Asystolie und Aufrechterhaltung der erzielten Asys-
tolie.

3. Universelle kardioplegische Lösung zur Verwen-
dung nach Anspruch 2, wobei die Komponenten wie
folgt sind:

Kaliumchlorid: 7,45 g;
Magnesiumsulfat: 2,34 g;

Trometamol: 0,5 g;
Salzsäure: 1 M zur Erreichung eines pH von
7,6-8,0
Mannitol: 35,9 g;
Destilliertes Wasser: bis zu 1000 ml.

4. Universelle kardioplegische Lösung zur Verwen-
dung nach Anspruch 2, wobei die Komponenten wie
folgt sind:

Kaliumchlorid: 8,38 g;
Magnesiumsulfat, g - 2,34
Trometamol: 0,5 g;
Salzsäure: 1 M zur Erreichung eines pH von
7,6-8,0;
Mannitol: 35,9 g;
Destilliertes Wasser: bis zu 1000 ml.

5. Universelle kardioplegische Lösung zur Verwen-
dung nach einem der Ansprüche 1 bis 4, wobei die
Lösung eine Haltbarkeit von mindestens zwei Jah-
ren hat.

6. Universelle kardioplegische Lösung zur Verwen-
dung nach einem der Ansprüche 1 bis 5, wobei die
Lösung unter normothermen und hypothermen Be-
dingungen eingesetzt wird.

7. Universelle kardioplegische Lösung zur Verwen-
dung nach einem der Ansprüche 1 bis 5, wobei der
Eingriff unter normothermen Bedingungen durchge-
führt wird.

8. Universelle kardioplegische Lösung zur Verwen-
dung nach einem der Ansprüche 1 bis 5, wobei der
Eingriff unter hypothermen Bedingungen durchge-
führt wird.

9. Universelle kardioplegische Lösung zur Verwen-
dung nach einem der Ansprüche 1 bis 8, wobei zur
Aufrechterhaltung der Asystolie das Verhältnis von
Lösung zu Blut von 1: 4 auf 1:10 erhöht wird.

Revendications

1. Solution cardioplégique universelle contenant les
composants pharmaceutiquement acceptables tels
qu’indiqués ci-après :

ions potassium : 40,2 - 200,1 mmol/litre ;
ions magnésium : 0 - 24,3 mmol/litre ;
bases et acides pour obtenir un pH de la solution
qui se situe dans la plage de 7,1 à 8,9;
eau distillée : pour compléter à 1000 ml ;
pour son utilisation en chirurgie afin d’obtenir un
asystole et de maintenir l’asystole obtenu.
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2. Solution cardioplégique universelle contenant les
composants pharmaceutiquement acceptables tels
qu’indiqués ci-après :

ions potassium : 40,2 - 200,1 mmol/litre ;
ions magnésium : 0 - 24,3 mmol/litre ;
bases et acides pour obtenir un pH de la solution
qui se situe dans la plage de 7,1 à 8,9;
diurétique pharmaceutiquement acceptable
procurant une osmolalité qui se situe dans la
plage de 275 à 460 mOsmol/kg ;
eau distillée : pour compléter à 1000 ml ;
pour son utilisation en chirurgie afin d’obtenir un
asystole et de maintenir l’asystole obtenu.

3. Solution cardioplégique universelle pour son utilisa-
tion selon la revendication 2, dans laquelle les com-
posants sont tels qu’indiqués ci-après :

chlorure de potassium : 7,45 g ;
sulfate de magnésium : 2,34 g ;
trométamol : 0,5 g ;
acide chlorhydrique : 1M pour atteindre un pH
de 7,6 à 8,0 ;
mannitol : 35,9 g ;
eau distillée : pour compléter à 1000 ml.

4. Solution cardioplégique universelle pour son utilisa-
tion selon la revendication 2, dans laquelle les com-
posants sont tels qu’indiqués ci-après :

chlorure de potassium : 8,38 g ;
sulfate de magnésium : 2,34 g ;
trométamol : 0,5 g ;
acide chlorhydrique : 1M pour atteindre un pH
de 7,6 à 8,0 ;
mannitol : 35,9 g ;
eau distillée : pour compléter à 1000 ml.

5. Solution cardioplégique universelle pour son utilisa-
tion selon l’une quelconque des revendications 1 à
4, dans laquelle la solution possède une durée de
conservation s’élevant à au moins deux ans.

6. Solution cardioplégique universelle pour son utilisa-
tion selon l’une quelconque des revendications 1 à
5, dans laquelle la solution est utilisée dans des con-
ditions normothermiques et hypothermiques.

7. Solution cardioplégique universelle pour son utilisa-
tion selon l’une quelconque des revendications 1 à
5, dans laquelle l’opération chirurgicale est mise en
oeuvre dans des conditions normothermiques.

8. Solution cardioplégique universelle pour son utilisa-
tion selon l’une quelconque des revendications 1 à
5, dans laquelle l’opération chirurgicale est mise en
oeuvre dans des conditions hypothermiques.

9. Solution cardioplégique universelle pour son utilisa-
tion selon l’une quelconque des revendications 1 à
8, dans laquelle, pour maintenir l’asystole, on aug-
mente le rapport entre la solution et le sang en le
faisant passer de 1:4 à 1:10.
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