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Abstract

The aim. To determine the optimal option for administering cardioplegic solution for myocardial protection in the
correction of combined mitral-aortic-tricuspid valve diseases (CMAT) under cardiopulmonary bypass.

Materials and methods. We analyzed the results of surgical treatment of 251 patients with CMAT who were
operated on at the National Amosov Institute of Cardiovascular Surgery from 01/01/2010 to 01/01/2023 and
in whom 3 ways of applying crystalloid cardioplegic solution was used. There were three comparison groups:
group A with antegrade (n = 47), group B with retrograde (n = 56), and group C with combined ante-retrograde
administration of crystalloid cardioplegic solution (n = 148).

Results. Of the 251 operated patients, 10 died at the hospital stage (mortality rate 3.9%). The level of creatine
kinase-MB (CK-MB) (U/L) at cross-clamping time <90 minutes for the groups was as follows: 72.3 + 7.1 (p < 0.05) in
group A, 64.0 + 8.2 in group B, 67.5 £ 7.7 in group C. The level of CK-MB (U/L) at cross-clamping time 2151 minutes
for the groups was as follows: 115.2 + 18.7 in group A, 97.4 + 15.8 in group B, 96.3 *+ 16.2 in group C.

The dynamics of echocardiographic parameters at the stages of treatment were as follows. Group A (mortality
rate 4.3%): left ventricular (LV) end-systolic index (mL/m?): 69.1 + 13.5 (before surgery), 60.3 + 9.7 (after
surgery); left ventricular ejection fraction (LVEF): 51% = 9% (before surgery), 54% * 7% (after surgery). Group B
(mortality rate 3.6%): LV end-systolic index (mL/m?) 66.5 £ 12.1 (before surgery), 57.4 + 8.6 (after surgery); LVEF:
50% * 8% (before surgery), 56% * 7% (after surgery). Group C (mortality rate 4.1%): LV end-systolic index (mL/m?)
67.8 + 11.3 (before surgery), 56.2 + 8.9 (after surgery); LVEF: 50% + 7% (before surgery), 56% * 7%
(after surgery).

The dynamics of echocardiographic parameters at the stages of treatment were better in groups B and C than in
group A (p < 0.05). Hospital mortality was lower in groups B and C than in group A (p > 0.05).

Conclusions. The three types of cardioplegic solution delivery used in complex pathology of surgical treatment of
CMAT demonstrated the adequacy of heart protection using crystalloid cardioplegia. Taking into account certain
advantages in the dynamics of restoration of the LV contractility and increase in the level of CK-MB (U/L) on the
second day after surgery, groups C and B should be considered optimal compared to group A (p < 0.05). The
widespread, branched venous system of the heart allows for adequate use of the retrograde route of cardioplegia
delivery and complete penetration of cardioplegic solution into the heart cells, which provides a better clinical
effect compared to the isolated antegrade route of crystalloid cardioplegia delivery.

Keywords: antegrade, retrograde crystalloid cardioplegia, mitral and aortic valve replacement, tricuspid valve
repair, mitral valve repair.
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Introduction. Surgical correction of combined mitral-
aortic-tricuspid valve diseases (CMAT) under cardiopulmo-
nary bypass (CPB) is one of the most difficult surgical in-
terventions in modern cardiac surgery [1,2,3,4]. Multivalve
corrections are accompanied by prolonged CPB, cross-
clamping, a large surgical trauma against the background
of the initially severe condition of patients [5,6,7,8,9,10].
In the vast majority of cases (from 70 to 90%), combined
mitral-aortic valve diseases were eliminated by the pros-
thetics of both valves and with tricuspid valve repair
[11,12,13,14,15,16]. Nevertheless, despite the success in
solving the problem of intraoperative myocardium protec-
tion, some of the questions still require additional research.

The aim. To conduct a comparative analysis of myocar-
dial protection techniques in the correction of CMAT.

Material and methods. We analyzed data from
251 patients with CMAT who were operated on at the Na-
tional Amosov Institute of Cardiovascular Surgery of the
National Academy of Medical Sciences of Ukraine from
01/01/2010 to 01/01/2023. All the patients were di-
agnosed with CMAT requiring surgical correction. The
leading etiologic cause of valve damage was rheumatism
combined with lipoidosis. The mean age of the operated
patients was 57.8 £ 9.3 years. There were 124 (49.4%)
women, 127 (50.6%) men. The distribution of patients
depending on the initial New York Heart Association
(NYHA) functional class was as follows: 105 (41.8%) in
class III, 146 (58.2%) in class IV. Atrial fibrillation was
present in 57% of the patients. Patients with concomitant
aorto-coronary bypass grafting were excluded from the
study. All the surgical interventions were performed under
CPB and moderate hypothermia (32-34 °C). Myocardium
protection was carried out in the conditions of permanent
cardioplegia with Custodiol solution at 20 mL per each kg
of body weight. Heart external cooling was an obligatory
condition of myocardium protection procedure. We stud-
ied 3 ways of supplying crystalloid cardioplegic solution
to the heart; hence, there were three comparison groups:
group A with antegrade (n = 47), group B with retrograde
(n =56), and group C with combined ante-retrograde ad-
ministration (n = 148).

In group C, Custodiol antegrade intake was introduced
by 1/3 of calculated volume under pressure of 60 mmHg
after aorta compression into the orifices of the coronary
arteries, and then the remaining 2/3 of the volume was
introduced by retrograde intake under pressure of about
35 mmHg. Retrograde cannula installation was made un-
der finger control at sufficient depth in coronary sinus sys-
tem prior to artificial blood circulation. Surgical manipula-
tions started together with retrograde intake. Control of
cardioplegia solution retrograde intake was performed by:
1) pressure checks at the coronary sinus inlet, 2) visual in-
spection of Custodiol efflux out of left ventricle.

The preoperative echocardiographic parameters at
the stages of treatment were as follows: group A: left ven-

tricular (LV) end-systolic index (mL/m?) 69.1 + 13.5, left
ventricular ejection fraction (LVEF) 51% * 9%; group B:
LV end-systolicindex (mL/m?) 66.5 + 12.1, LVEF 50% + 8%;
group C: LV end-systolic index (mL/m?) 67.8 + 11.3, LVEF
50% *= 7%.

Combined mitral and aortic valve replacement was
used in most cases (179 [71.3%]). Mitral valve replace-
ment with aortic valve repair was performed in 13 (5.2%)
patients. Aortic valve replacement with mitral valve repair
(support rings for mitral valve plastic surgery) was per-
formed in 56 (22.3%) patients. Both valves were repaired
in 3 (1.2%) patients. Tricuspid valve plastic surgery was
performed with the help of support ring (n = 55) and
Amosov-De Vega suture plastic surgery (n = 196). Left atri-
al fragmentation operation (Maze) to restore sinus rhythm
was performed in 57 (19.8%) patients.

The aortic clamping time was: 148.9 # 25.5 minutes
(p < 0.05) in group A, 123.6 = 13.3 minutes in group B,
138.9 = 25.5 minutes (p < 0.05) in group C. Cardiac activ-
ity spontaneous recovery was observed in 63.4% cases
(p < 0.05) in group A, 79.5% cases in group B, 81.6% cases
in group C.

Short time of aortic compression allows lowering of
reperfusion period basically without hypothermia use.
Adequate reperfusion period is a significant element of
cardiomyocyte preservation. Right before forceps remov-
al from aorta, perfusionist lovers CPB pump capacity to
300 mL/min. After this forceps are removed from aorta.
Within the next 5 minutes CPB pump perfusion volume
speed is increased by adding 100-150 mL/min every
10 seconds, thus recovering the initial capacity. This ele-
ment is very important since it excludes the hemodynam-
ic and thermal shock on coronary bed and hibernating
myocardium, caused by cardioplegia solution and hypo-
thermia impact.

Results. Of the 251 operated patients, 10 died at the
hospital stage (mortality rate 3.9%). In the group A, 2 out
of 47 patients died at the hospital stage (hospital mortal-
ity 4.2%). The cause of death was heart failure (n = 2). The
dynamics of echocardiographic parameters at the stages
of treatment were as follows. Group A: LV end-systolic in-
dex (mL/m?) 69.1 + 13.5 (before surgery), 60.3 + 9.7 (af-
ter surgery), LVEF: 51% * 9% (before surgery), 54% = 7%
(after surgery).

In group A, the level of creatine kinase-MB (CK-MB)
(U/L) was 72.3 £ 7.1 at cross-clamping time <90 minutes
and 115.2 + 18.7 at 2151 minutes, which indicates mani-
festations of myocardial anoxia depending on the duration
of aortic clamping.

In group B, 2 out of 56 patients died at the hospital
stage (hospital mortality 3.6%). The causes of deaths were
pneumonia (n = 1) and multiple organ failure (n = 1).

The dynamics of echocardiographic parameters at the
stages of treatment were as follows: LV end-systolic index
(mL/m?) 66.5 + 12.1 (before surgery), 57.4 + 8.6 (after
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surgery), LVEF: 50% * 8% (before surgery), 56% * 7% (af-
ter surgery).

In group B, the level of CK-MB (U/L) was 64.0 = 8.2
at cross-clamping time <90 minutes and 97.4 + 15.8 at
2151 minutes.

In group C, 6 out of 148 patients died at the hospital
stage (hospital mortality 4.1%). The causes of deaths were
arrythmia (n = 1), multiple organ failure (n = 4), and bleed-
ing (n = 1). The dynamics of echocardiographic parameters
at the stages of treatment were as follows: LV end-systolic
index (mL/m?) 67.8 + 11.3 (before surgery), 56.2 + 8.9 (af-
ter surgery), LVEF: 50% * 7% (before surgery), 56% *= 7%
(after surgery).

In group C, the level of CK-MB (U/L) was 67.5 + 7.7
at cross-clamping time <90 minutes and 96.3 + 16.2 at
2151 minutes.

The dependence of the length of aortic clamping and
the level of in-hospital mortality is presented in Table 1.

The highest level of increase in hospital mortality is
noted in all groups when the aorta is clamped for more
than 120 minutes: 4.6% (9 of 193 patients) compared to
that for <120 minutes: 1.7% (1 of 58 patients) (p < 0.05).

The dependence of the length of aortic clamping and
the level of CK-MB (U/L) is presented in Table 2.

The level of CK-MB (U/L) at cross-clamping time
<90 minutes for the groups was as follows: 72.3 £ 7.1 in
group A, 64.0 £ 8.2 in group B, and 67.5 £ 7.7 in group C,
which reveals better indicators of myocardial protection in
groups B and C compared to group A.

The level of CK-MB (U/L) at cross-clamping time
2151 minutes for the groups was as follows: 115.2 + 18.7 in

Table 1

group A, 97.4 £ 15.8 in group B, and 96.3 + 16.2 in group C,
which reveals better indicators of myocardial protection in
groups B and C compared to group A.

The dynamics of echocardiographic parameters at the
stages of treatment were better in groups B and C than in
group A (p < 0.05). Hospital mortality was lower in groups
B and C than in group A (p > 0.05).

Discussion. The complexity of surgical correction of
CMAT is associated with prolonged clamping of the aorta,
which, in turn, predetermines possible conditions for the
development of hypoxia of the heart muscle due to the
inadequacy of the method of its protection [1,2,3,4,5]. In
this regard, the relevance of the choice of the method of
delivering crystalloid cardioplegia is extremely important
[9,13]. Our proposed results obtained for a large series of
clinically complex patients indicate the feasibility of using
a combined method of delivering cardioplegic solution,
which coincides with the exact view of a number of clinics
[1,2,13,16]. According to our study, the isolated retrograde
method of delivering cardioplegia has undoubted
advantages over the isolated antegrade method, especially
in cases of prolonged clamping of the aorta [2,3].

We proposed correction of CMAT using various
methods of supplying crystalloid cardioplegia (Custadiol).
These developments have proven themselves to be a low-
traumatic and effective intervention. At the same time, they
allowed to significantly improve the contractility of the LV
in the postoperative period. In addition, retrograde and
ante-retrograde way of delivery are accompanied by a low
risk of hospital mortality and heart failure complications
in the hospital period.

The dependence of the length of aortic clamping and the level of in-hospital mortality

Number of operated/deceased patients depending

on cross-clamping time, N/n Total mortality,
Type of cardioplegia N €90 min 91-120 min 121-150 min 2151 min n (%)
Antegrade 47 0/0 11/0 23/1 13/1 2 (4.3)
Retrograde 56 5/0 15/0 17/1 19/1 2 (3.6)
Combined ante-retrograde 148 0/0 27/1 58/2 63/3 6 (4.1)
All the subjects 251 5/0 53/1 98/4 95/5 10 (3.9)

N, number of operated patients; n, number of deceased patients.

Table 2

The dependence of the length of aortic clamping and the level of CK-MB (U/L)

Level of CK-MB depending on cross-clamping time, U/L

Type of cardioplegia N €90 min 91-120 min 121-150 min 2151 min
Antegrade 47 723%71 783%93 95.1 +13.7 115.2 £18.7
Retrograde 56 64.0 = 8.2 72.5+104 85.5+ 145 974+158
Combined ante-retrograde 148 675+77 734 +8.8 83.4+156 96.3 £16.2
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Conclusion. The three types of cardioplegic solution
delivery used in complex pathology of surgical treatment
of CMAT demonstrated the adequacy of heart protection
using crystalloid cardioplegia. Taking into account
certain advantages in the dynamics of restoration of the
LV contractility, the level of increase in CK-MB (U/L) on
the second day after surgery, groups C and B should be
considered optimal compared to group A (p < 0.05).

The widespread, branched venous system of the
heart allows for adequate use of the retrograde route
of cardioplegia delivery and complete penetration of
cardioplegic solution into the heart cells, which provides
a better clinical effect compared to the isolated antegrade
route of crystalloid cardioplegia delivery.

Conflicts of interest. None declared.
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3axucT MiokapAa Npu KOpeKuii NOEAHAHUX MITPAJIbHO-a0pPTaNIbHO-TPUCTYNIKOBUX Baj,
B YMOBaX LUTYYHOr0 KpoBoob6iry

lyproBeHko O. M., aHecTe3ionor, HayKoBMi CNiBPOBITHWK BiAAINY XipypriyHOro nikyBaHHs HabyTux Bag, cepus
Monoe B. B., o-p Men. Hayk, npodecop, 3aBigyBay Bifainy XipypriyHoro nikyBaHHa HabyTux Bag cepus
Masyp A. 1., o-p Megn. HaykK, 3aBiAyBad BigAiNy aHecTe3ionorii Ta iHTEHCMBHOI Tepanii
Bbonbwak 0. 0., KaHA. MeA. Hayk, CT. HAyK. CNiBPOBITHUK BigAiny XipypriyHOro NikyBaHHS HabyTux Bag cepus
Y «HauioHanbHWiA iHCTUTYT cepueBo-CyaMHHOI Xipyprii imeHi M. M. AMocoBa HAMH YkpaiHu», M. Kuis, YkpaiHa

Pesiome

MeTa - BUSHAYUTH ONTUMAJIbHUM crloci6 BBeZIeHHS Kap/ioNJIeriYyHoro po3uuHy [JJisi 3aXUCTy MioKapza npu KOpek-
il NoefHAaHUX MiTpaJIbHO-a0PTaTbHO-TPUCTY/IKOBUX BaJl B yMOBAX IITYYHOTO KPOBOOOITY.

Marepiasim Ta Mertogu. [IpoBejeHO MOPiBHAJBHUN aHasi3 pe3yibTaTiB XipypriyHoro JjikyBaHHs 251 xBopo-
ro 3 NOEJHAHOI0 MiTpaJbHO-a0PTaJIbHO-TPUCTYIKOBOIO BaJlol0 ceplist, npoonepoBaHoro y HICCX im. M. M. AMocoBa 3
01.01.2010 mo 01.01.2023 p. ¥ XxBopHuX 3aCTOCOBAHO 3 CIIOCOOH BBEJIEHHS KPUCTAJIOIJHOr0 Kap/liONJIEriYHOr'0 PO3YUHY
JLIS1 3aXUCTY Miokapza. [pynu nopiBHSIHHSA nojavi KapAion/erivyHoro po34yuHy: rpyna A — auterpazHa (n = 47), rpyna
B - perporpazHa (n = 56), rpyna C - koMb6iHOBaHa aHTepeTporpajHa (n = 148).

Pe3ynbraTu. 3arasoM i3 251 onepoBaHOro Ha rocniTaJbHOMY eTani noMepsiy 10 (nuTaabHa JeTaabHICTb - 3,9 %).
[lInuTasbHa JIETANIBHICTb 3a IPyNaMHU CKJiaja Taki MOKa3HUKM: rpyna A - 4,3 %, rpyna B - 3,6 %, rpyna C - 4,1 %. Pi-
BeHb MB-dpakiii kpeatunkinazu (MB-KK) ropmony, o o6yMoBJto€e piBeHb rinokcii, cepueroi HegocraTHocTi (U/L)
MpY NepeTUCKaHHi aopTH < 90 XBUJIMH y rpynax caras: rpyna A - 72,3 + 7,1 (p < 0,05); rpyna b - 64,0 + 8,2; rpyna C -
67,5 = 7,7. PiBenb MB-KK (U/L) npu nepetrckanHi aopTu < 151 XBUJIMH y rpynax CTaHOBHUB: rpyna A - 115,2 + 18,7
(p <0,05); rpyna b -97,4 + 15,8; rpyna C - 96,3 + 16,2.

JvHaMika exokapziorpadiyHuxX NOKa3HUKIB Ha eTanax JiKyBaHHs Oysa Takomw. ['pyna A: KiHI[eBO-CUCTOJIIYHUM iH-
Jekc jiBoro mtyHouka (JILI) (ms1/m?) - 69,1 + 13,5 (mo onepauii), 60,3 + 9,7 (micsisa onepauii), ppakuis Bukuay JIII - 51
+ 9 % (mo omepauii), 54 * 7 % (micsia onepauii). [pyna B: kiHueBo-cucroniynuit ingexc JII (ms/m?) - 66,5 + 12,1 (o
oneparii), 57,4 + 8,6 (nmicis onepanii), dpakuisa Bukugy J1I - 50 £ 8 % (mo onepanii), 56 + 7 % (nicis onepauii). 'pyna C:
KiHI|€BO-CUCTOJIIYHUHN iHEKC JTIBOTO IIIyHOUKA (MJ1/M?%) - 67,8 £ 11,3 (10 onepariii), 56,2 + 8,9 (mic/s onepanii), ppak-
uig Bukuay JII - 50 = 7 % (o onepauii), 56 * 7 % (micas onepatii).

JMHaMika exokapziorpadiyHUX MOKa3HUKIB Ha eTanax JikyBaHHs OyJa kpaioro B rpyni B i C mopiBHsAHO 3 rpymnoio A
(p < 0,05). lInuTanbpHa JeTaabHicTh Kpama B rpynax Bi C, Hixk B A (p > 0,05).

BucHOBKM. 3acTocoBaHO 3 BUAM NOJadi KapZionjerivyHoro po34rMHy Npu CKaaJHil naTosorii XipypriuyHoro JiikyBaH-
Hfl MIOEJHAHUX MITPa/JbHO-a0PTaJbHO-TPUCTYIKOBUX BaJ NMOKa3aJU aJleKBaTHICTb 3aXUCTy ceplisl i3 BUKOPUCTaHHAM
KpUCTanoifHOI KapZionerii. 3 ypaxyBaHHSM N€BHUX MepeBar y AUHaMIilli BilHOBJIEHHs PiBHS CKOPOT/IMBOCTI JIiIBOrO
H1yHouKa Ta piBHA nigiiomy MB-KK (U/L) Ha Apyry fo6y nicisa onepauii c1if BBakaTu onTuMaabHuMu rpynu C ta B
nopiBHsAHO 3 rpymnomw A (p < 0,05).

Kaiouoei cnosa: anmezpadua, pempozpadHa kpucmanaoioHa kapoionsezis, npome3yeaHHs MimpaabHO20 ma aop-
MaabHO20 KAANAHIG8, N1ACMUKA MPUCMY/IKO8020 KAANAHA, NAACMUKA MIMPA1bHO20 KAANAHA, WMY4HUU Kpo8oobie.
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