EUROPEAN JOURNAL OF TRANSLATIONAL

AND CLINICAL MEDICINE 2023;6(1):41-57 REVI EW A RTI C L E

Del Nido cardioplegia versus other
contemporary solutions for myocardial
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Abstract

Myocardial protection is one of the most important factors ensuring patient safety during cardiac surgery with
the application of cardiopulmonary bypass. Infusion of cardioplegic solution into the coronary circulation pro-
tects the heart and provides a standstill operating field for the surgeon. Cold blood cardioplegia and crystalloid
cardioplegia are the two main types of solutions with a long history of use and a large amount of research proving
their efficacy and safety. Relatively new del Nido cardioplegia seems to be an interesting alternative. We revie-
wed the literature comparing del Nido cardioplegia with two other types of cardioplegic solutions. We took into
consideration many different clinical and biochemical aspects may indicate the quality of cardioprotection.
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Introduction of cardioplegic solution into the coronary vessels. This pro-

vides a bloodless and motionless operating field which is

Effective myocardial protection is crucial for a success- perfect for precise surgery, however with a time limit result-
ful outcome of cardiac surgery with the application of car- ing from the principles of physiology and biochemistry. The
diopulmonary bypass (CPB). For nearly 50 years the most safe ischemic time varies depending on the composition and
common method of cardioprotection has been the infusion temperature of the cardioplegic solution. Some of the warm
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blood infusions must be delivered continuously,
whereas a single infusion of some cold crystalloid
solutions provide over two hours of secure myo-
cardial protection during cross-clamping (XC) of the

Table 1. Cardioplegia solutions composition

aorta. Thanks to research we have a much better

understanding of the mechanism of ischemia-rep-

erfusion injury (IRI) and better ways to prevent it.

Cardioplegia is a name given to a group of solu-

tions using different mechanisms to arrest the heart
in diastole with additives for cell membrane stabi-

lization or oedema prevention. The mechanism of

each is the result of a characteristic composition
(Table 1). The development of high-potassium
blood cardioplegia was a milestone in cardiac sur-
gery. However, short intervals between doses are
its weak point, particularly in the current era of
minimally invasive cardiac procedures. Whereas
the low-sodium crystalloid solution provides a very
long working interval and rarely has to be re-dosed,

however the long reperfusion time is a disadvantage. Del

Nido cardioplegia (DNC) solution derived from p

cardiac surgery combines the most important aspects of
the high-potassium and low-sodium cardioplegia solutions

Component | DNC | HTK | CBC
Na* (mmol/I) 150 15 136-152
ClI- (mmol/I) 132 50 126-132
K* (mmol/I) 24 9 13-24
Mg?+ (mmol/I) 6 4 2-13
Ca?* (mmol/I) 0.4 0.02 0-1
Lidocaine (mg/I) 140 = 27
Mannitol (mmol/I) 14.5 30 0-12
Osmolality (mOsmol/kg) 294 300 304-320
Ketoglutarate (mmol/I) - 1 -
Tryptophan (mmol/I) = 2 -
Histidine (mmol/I) = 198 =

CBC — cold blood cardioplegia, DNC — Del Nido cardioplegia, HTK — Bretsch-

neider histidine-tryptophan-ketoglutarate solution
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Figure 1. Literature search flow chart

making it an interesting alternative for adult patients. De-
spite the growing number of studies and meta-analysis,
there are no guidelines or consensus regarding which cardio-
plegic solution is the most beneficial.

Material and methods

For this review, we included retro-
spective and prospective studies com-
paring DNC with cold blood cardioplegia
(CBC) of any kind or crystalloid cardio-
plegia (Bretschneider histidine-trypto-
phan-ketoglutarate solution (HTK)). We
searched the MEDLINE database for Eng-
lish-language articles using the following
keywords: “del Nido cardioplegia,” “del
Nido vs cardioplegia” and “cardioplegia
AND del Nido”. We looked for articles on
standard adult cardiac procedures (single
valve or coronary artery bypass grafting
(CABG)) and combined procedures (mul-
tivalve, reoperations, aortic root). After
evaluation of the substantive value of
abstracts, full-text articles were analyzed.
The analyzed studies concerned a total of
9839 cases, including 5073 with del Nido
cardioplegia. Experimental, animal-model,
pediatric and modified del Nido studies
were excluded (Figure 1). Results from se-
lected studies are collected and present-
ed in the form of tables with an indication
of the number of included patients, the
type of surgery and study design (pro-
spective, retrospective and retrospective
with propensity-score matching (PSM)).



Cardiopulmonary bypass
and cross-clamp times

Significant shortening of the CPB and XC times in the
DNC groups compared with CBC was described in most of
the analyzed studies [1-17] (Table 2). Four studies [18-21]

Table 2. CPB and XC times

Del Nido cardioplegia versus other contemporary...

reported shorter XC times without a change in the CPB time.
This may confirm that surgery is performed smoothly when
DNC is used but may suggest the necessity of a longer reper-
fusion or lidocaine residual effect with delayed activation of
the conductive system. Compared with HTK, there were no
reported differences in CPB or XC times. This might be due
to the fact that only one dose of cardioplegia was usually

needed in both groups.

No.
Articl Cardio- Study Cardiac of ;a- CPB times [min]
rticle  ,jegia design procedures Garis
" oN | Bc | HTK
. retro- aortic
Eris DN ) 114.4 | 123.9 733 | 875
(2021) | vsBc | SPecti-| rootproce- | 118 | 554 | 1583 B i207 | 232 LU
ve dures
Kagan DN retro- 90.28 93.56 57.75 63.56
(2021) | vsBC | spective ChizE 350 | 7556 | +24.78 0.175 | 116.96 | +18.45 LU
Lama DN 106.13 | 107.62 66.22 | 72.07
2021) | vsec | RCT CHEE 20 | 12465 | £18.69 R +15.39 | +12.23 0.04
Lenoir DN aortic root
oy | sl PM Oriero%t | 110 | 163#5 | 18125 0.01 | 145+4 | 161+4 0.006
( P
Reidy DN retro- | CABG in 9.8 | 117.0 63.9 | 717
(2021) vs BC | spective veterans Les +32.1 +27.3 = CHLE +21.8 +18.6 (LHLPS
all
Ross DN retro- . 96 96 67 63
(2021) | vsBC |spective | C3rdiac 497 | (73121) | (73-127) 082 | (48-92) | (48-90) 0.63
procedures
Sanri DN retro- 95.16 | 90.01 59.30 | 62.80
(2021) | vsBC |specive| CABC 255 | $73.48 | +24.25 0.086 | /1736 | +18.66 (DH s
covuk ar'l)gzgi'fecs 161.0 | 163.5 99.0 | 124.0
e DN pm | Procedures | 176 | (153.2- | (156.0- 03 | (94.2- | (117.0- <0.001
vs BC o 170.7) | 175.5) 106.0) | 131.0)
. 111.0 | 106.0 75.0 | 73.0
(zsohzul) V_E';C PM a::)g:gi'fecs 326 | (90.5- | (85.0- 0.422 | (58.5- | (57.5- 0.564
P 130.0) | 134.0) 90.5) | 91.5)
Algarni DN retro- all cardiac 143
(2020) | veBC | specive | rrocodures | 305 | 150451 | 178260 <0001 | 11842 | ;%3 <0.001
Chen DN acute aortic 165.0 168.0 93.2 91.8
(2020) | vsBC il dissection | 122 | £12.5 | 105 0154 1 ig95 | 90 il
George | DN CABG 90 87 59 57
(2020) | vsec | ™M or valve 286 | (74.116) | (76-108) 0516 | (48-75) | (47-70) 0.65
Kirisci DN 95.07 | 114.13 57.30 | 76.07
2020) | vsec | RCT CABG 60 | 43306 | +33.93 0088 2357 | +27.18 Lheh
Kuserli DN aortic root 129.39 151.94 96.75 116.42
(2020) vs BC il procedures 72 +5.72 +10.12 Lt +5.24 +9.27 (LI
elective all
Orak DN retro- . 114.58 | 112.43 77.93 | 70.73
(2020) | vsBC |spective | CArdiacpro- [ 83w | o35 | 1640 08111 .612 | 26.17 et
cedures
CABG or
Schutz | DN 51.600 | 49.233 32.063 | 31.313
2020) | vsec | PM CA\Zleznd 670 | £20.625 | £22.230 0:109 1 115795 | +16.384 R
Sharma DN retro- 92.1 129.5 72.6 98.2
(2020) | vsBC |spective | AVRFTMVR 1209 1 453 | +11.0 B 102 | 92 RLLLEL
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Table 2. continuation

. . No. . .
Article Cardl_o- Stu_dy Cardiac of pa- CPB times [min]
plegia design procedures tients
Ucak DN retro- 53.7 60.8 41.5 48.7
(2020) | vsBC | spective AR 137 | {152 | 2185 | - [ 9046 | .ii8 | x123 | - | 904
Willekes DN aortic root 186
ey | s e PM | o es | 344 | 18968 | 245402 | - |<00001|132453 | 5% | - |<00001
Kucinski DN retro- all cardiac 65 55 40 33
(2019) | vsBC |spective | procedures | 2198 | (50-85) | (42-72) | ~ [S9001 2950y | (2447) | - |SO001
98.00 | 105.50 56.50 | 61.50
(2'6“109) V'SD';C PM MMVIRA\[/)I\R//R 132 | (77.50- | (86.00- | - 0.428 | (45.25- | (46.00-| - | 0.368
/ 129.75) | 128.00) 80.00) | 77.00)
Pragliola DN all cardiac } ) ) _ _
(2019) vs BC PM procedures e Rz | e 0.3
Sanetra DN 67.96 69.25 55.18 55.52
2019) | vsec | RCT AVR 150 | 42046 | +19.23 | 0564 | 115.03 | +14.03 | -~ | o*°
Timek DN
(2019) | vs BC PM CABG 650 | ocire | ggizg | T | SO0 | 68+20 | 82424 | - | <0.01
Kim DN valve 99.1 | 155.2 75.3 | 102.1
(2018) | vs BC PM | procedures | 298 | 394 | 624 | - [S9991| 1317 | 1473 | - [SO002
Koeckert | DN 77.6 74.8 58.1 | 56.6
(2018) | vs BC il MI AVR 18 | 4573 | +165 | 0492 1177 | 118 | - | %°%
Sabik DN 72.3 94.2 513 | 664
(2018) | vs BC il MI MVP 124 | 4190 | 207 | - | S99 [i57 | +16g | - | S00001
Ad DN CABG and/or ) B o
2017) | vseBc | RCT | single valve | B° &7 B 0.288 7 e 0.018
Hamad DN retro- 65.5 76.6 55.6 64.3
(2017) | vsBC |spective | AVR+CABG | 50 | 4i55 | 1999 | - | %919 | 1ii5 | 1189 | - | %0°
Ziazadeh DN . Signifi-
o | b PM MI AVR 126 | 108+24 | 135+43 | - sign | 80+16 - e
Kim DN all cardiac
- 7 - .662
oy || o5 PM | s | 78 | 158%68 | 162:58 0.786 | 97+42 |101%41 0.66
Mischra | DN retro- CABG 158.60 | 179.81 110.15 | 133.56
(2016) | vsBC |spective | and DVR 100 | 13902 | +42.36 | 0041 | \36.84 | +3566 | ~ | %012
Vistarini DN retro-
(2016) | vsBC |spective| MIAVR 46 6727 | 5924 - 019 | 56+13 | 48+17 | - 0.07
Ota DN PM AVR 108 | 71416 | 84428 | - | 0.003 | 52+14 | 60416 | - | 0.004
(2015) | vs BC
Rama- .
nathan 2 retro- | all cardiac | 44, 105.0 | 109.5 - 05862 | 71.3 | 72.0 - | 09038
vs BC spective | procedures
(2015)
el DN retro- | reoperative 61.3 67.2 93.1 | 100.5
bella 1\ Bc | spective AVR 13 1 4189 | #2041 | 01t 57 | 2343 | - | %2
(2014)
Duan DN complex 149 158 107 100
PM 146 (116 - (126- | 0232 | (74 - (83- | 0795
(2021) | vs HTK valve surgery -181) 187) 134) 133)
Gunaydin DN } } } ; _ 102
oa0y | verrk | RCT MI AVR 200 99427 133 | 97
Lee DN 112.5 115.8 74.8
2020) | vshtk | M MICS 456 | iaas © 1360 %% | 1286 - 77:1 | 0.081
Mehra- complex 97.36 73.76
banian ) RCT cardiac 40 | 10319 - 11670 | 23"® | +19.66 0.083
vs HTK +23.42
(2018) procedures

* Not significant due to alpha < 0.001
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Table 4. Rate of electric defibrillation

i Defibrillation %
Article Cardioplegia  Study design prg?::::llll.a:l?es No. of patients N n BCI HoTK p value
Eris (2021) 2021 DN vs BC retrospective EORAE (oLt 118 44.4 | 69.2 - 0.006
procedures
Lama (2021) | 2021 DN vs BC RCT CABG 90 15.55 | 24.44 | - 0.42
Ross (2021) | 2021 DN vs BC retrospective Al earfEe 497 8 23 - |<o0.001
procedures
all cardiac
procedures _
Sevuk (2021) | 2021 DN vs BC PM A XC e > 176 10.2 | 15.9 0.26
90 min
Chen (2020) | 2020 DN vs BC PM acute aortic 122 113 | 467 | - |<o.001
dissection
Kirisci (2020) | 2020 DN vs BC RCT CABG 60 10.00 | 6.67 - 0.64
Kuserli (2020) | 2020 DN vs BC PM aortic root 72 22.2 | 52.8 - 0.007
procedures
Sharma (2020) | 2020 DN vs BC retrospective AVR + MVR 209 21.2 65.9 = 0.00001
Ad (2017) 2017 DN vs BC RCT CHiEE Enal el 89 47 | 13.2 - 0.244
single valve
Hamad (2017) 2017 DN vs BC retrospective AVR + CABG 50 20 60 - 0.009
Mischra (2016) | 2016 DN vs BC retrospective | CABG and DVR 100 4 4 = 1.000

Cardiac enzymes

In the majority of analyzed articles, the postoperative
levels of cardiac enzymes (creatine phosphokinase myocar-
dial band (CK-MB), troponin T or | (TnT and Tnl), depending
on study protocol) were similar or lower when DNC was
compared with CBC cases (Table 3; download here). Differ-
ent results were shown in the subgroup analysis of aortic
root cases [2] with XC time > 180 min where CK-MB lev-
els were significantly higher in the DNC group. Significantly
higher postoperative TnT levels in the DNC group were re-
ported also in a retrospective study of 2108 cardiac cases of
all types [10]. However, a more thorough analysis revealed
that uneven distribution of surgery types (resulting in
longer CPB and XC times in DNC) and preoperative TnT level
was responsible for that result. In two studies comparing
DNC with HTK cardiac enzymes were comparable [22-23]
between the groups.

Two other studies on DNC vs. HTK suggested a higher
level of cardiac enzymes in cases when DNC was used with
longer XC. Lee et al. [24] showed lower peak Tnl and CK-MB
in DNC. A peak level of cardiac enzymes according to the XC
time was also lower in DNC, but the differences between
groups tended to decrease with a crossover point of ~100
minutes of XC. In a sub-analysis of cases with a second car-
dioplegia dose, Gunaydin et al. showed significant differenc-
es in TnT levels measured during weaning from CPB to the
disadvantage of DNC [25].

Cardiac activity and return to sinus rhythm

The quality of myocardial protection may be also estimat-
ed by observing the electrical and mechanical activity of the
arrested heart: satisfactory protection is shown by no such
activity before the clamp removal and reperfusion. Ucak et
al. [8] reported ventricular fibrillation (VF) during XC in 5.7%
of cases in DNC and 9.4% in the CBC group (p = 0.016). In
the RCT by Sanetra et al. [26] no differences between groups
in terms of electrical activity during XC were observed. In
majority of the studies, patients with DNC more often had
a spontaneous return of sinus rhythm (SR) return and less
often needed electric defibrillation, compared to those with
CBC (Table 4). When compared with HTK, only one study [23]
reported a rate of spontaneous SR return. It was significantly
higher in the DNC group and even more pronounced in a sub-
group of cases with XC > 120 min (93.1% vs 42.3%). A very
high number of VF in the HTK groups raises some questions.

Cardioplegia volume and blood product
transfusion rates

In the majority of reviewed studies, total cardioplegia
volume was significantly higher in the CBC than in the DNC
cases [1, 4-6, 8-9, 11, 15, 17-18, 20, 26-33]. In only one study
this volume was lower in CBC patients [21]. When only crys-
talloid volume is taken into consideration, higher volume
was administered to patients who received DNC [1, 14, 31,
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34-35]. The differences in administered volume did not seem
to affect the postoperative hematocrit (HCT) levels. This pa-
rameter was analyzed in 10 articles and 6 of them reported
comparable HCT levels between DNC and CBC [9, 11, 27-28,
31, 34]. In the other four studies, HCT was higher in the DNC
group [6, 14, 18, 36].

The amount of transfused blood and blood products was
similar in the majority of studies comparing DNC and CBC.
Due to the lack of homogeneity in reporting between articles
in Table 5, we present only data about red blood cell (RBC)

Table 5. RBC transfusions

transfusions. Three studies [6, 18, 34] showed a higher need
for different kinds of blood products in the CBC group. When
DNC was compared with HTK, haemoglobin levels as well as
the rate of transfusions during CPB and in the postoperative
period were comparable between the groups [22, 24-25].
Only Duan et al. [23] reported a higher need for platelet con-
centrates (PC), fresh frozen plasma and cryoprecipitate in the
HTK group. In the subgroup analysis of cases with XC > 120
minutes, only differences in PC remain significant.

No. :
o Cardio- Study Cardiac of ;a- RBC transfusions
plegia design procedures tients
Lenoir (2021) ol PM CERIE RS | g 22% 26% - 0.65
vs BC procedures
Reidy (2021) A retro- rEgllr 155 25.7% 17.6% - 0.41
vs BC spective veterans
Ross (2021) DN retro- | all cardiac | 44, 37% 35% - 0.61
vs BC spective procedures
DN all cardiac
procedures ) } )
Sevuk (2021) vs BC PM and XC time 176 0.5 (0.0-1.0) U 1.0 (0.0-1.0) U 0.72
> 90 min
Kuserli (2020) DN PM aortic root | 5, 0.4740.74 U 1.75£0.97 U - 0.001
vs BC procedures
DN retro- elective all
Orak (2020) : cardiac 83 76.6% 75.7% - 0.87
vs BC spective
procedures
DN CABG or
Schutz (2020) vs BC PM CABG and 670 1.97 U 1.67U - 0.45
valve
Sanetra (2019) vngC RCT AVR 150 24.0% 29.3% - 0.56
Koeckert (2018) VEEC PM MI AVR 118 0.8142.41 U 0.46+1.24 U - ns
Ad (2017) DN RCT | CABG and/or| g4 4% 7% - 0.658
vs BC single valve
DN retro- AVR
Hamad (2017) vs BC spective + CABG 50 0.68+0.95 U 1.32+1.89 U - 0.136
Ziazadeh (2017) VESC PM MI AVR 126 0.24+0.80 U 0.24+0.56 U - ns
R DN retro- 0 0 i
Vistarini (2016) vs BC spective MI AVR 46 4% 48% 0.006
DN retro- reoperative _
Sorabella (2014) | | b spective i 113 1.4+1.7 U 2.1£2.6 U 0.07
DN PM complex _ B 0.00
Duan (2021) vs HTK I —— 146 0.75 (0.00-4.00) U (0.00-4.00) U 0.682
Gunaydin (2020) DN RCT MI AVR 200 1.0£0.5 U 1.0+0.5U - 0.8
vs HTK
Lee (2020) P PM MICS 456 8931290 mL - 90741228 mL | 0.905
. complex
Mehrabanian DN RCT g _ 9 _ o
(2018) vs HTK cacr:(ljii:go 40 38.1% 42.1% 0.525
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Table 6. Postoperative AF occurrence

No. | Atrial fibrilation [%]

Article  (ICCIST  Study design procedures | 2fPE
Eris (2021) DN vs BC retrospective aortic root procedures 118 11.1 12.3 = 0.84
Lenoir (2021) DN vs BC PM aortic root procedures 110 27 18 = 0.27
Reidy (2021) DN vs BC retrospective CABG in veterans 155 30.0 24.7 = 0.46
Sanri (2021) DN vs BC retrospective CABG 255 24.2 35.8 = 0.044
Sevuk (2021) | DN vs BC PM 2';5??;%@05998%:?; 176 | 21.6 | 295 - 0.22
Shu (2021) DN vs BC PM all cardiac procedures 326 20.86 22.70 = 0.788
Algarni (2020) DN vs BC retrospective all cardiac procedures 305 14.7 17.6 = 0.56
George (2020) DN vs BC PM CABG or valve 286 7.7 6.3 = 0.643
Kuserli (2020) DN vs BC PM aortic root procedures 72 22.2 25.0 = 0.781
Orak (2020) DN vs BC | retrospective elec;ir\:i:gucraersdiac 83 20.9 | 17.5 - 0.692
Schutz (2020) DN vs BC PM CABG or CABG and valve 670 22.7 31.0 = 0.018
Ucak (2020) DN vs BC retrospective AVR 137 28 24 - 0.71
Willekes (2020) DN vs BC PM aortic root procedures 344 31.4 36.0 =
Sanetra (2019) DN vs BC RCT AVR 150 24 21 = 0.71
Timek (2019) DN vs BC PM CABG 650 33 23 = < 0.01
Koeckert (2018) DN vs BC PM MI AVR 118 37.3 27.1 = 0.162
Sabik (2018) DN vs BC PM MI MVP 124 18 28 = 0.18
Hamad (2017) DN vs BC retrospective AVR + CABG 50 44 36 = 0.773
Ziazadeh (2017) DN vs BC PM MI AVR 126 33 22 = ns
Kim (2016) DN vs BC PM all cardiac procedures 78 35.9 30.8 - 0.804
Mischra (2016) DN vs BC retrospective CABG and DVR 100 30.00 | 16.67 = 0.22
Ota (2015) DN vs BC PM AVR 108 37.0 33.3 = 0.84
Rar(nzaonlaSt;w an DN vs BC retrospective ;::I:)g:giifecs 142 31 31 = ns
Gunaydin (2020) | DN vs HTK RCT MI AVR 200 18.9 - 11.5 | 0.035

Heart rhythm disturbances
in the postoperative period

The majority of reviewed articles showed comparable re-
sults between DNC and CBC in terms of postoperative atrial
fibrillation (AF) occurrence (Table 6). Only Timek et al. [11]
reported a higher rate of AF after isolated CABG with DNC.
Opposite results with a higher rate of AF in CBC cases were
shown in the two studies. The first of which [20] showed
a correlation between the occurrence of AF and cardioplegia
volume in patients who underwent isolated CABG. In the sec-
ond study, [37] patients who underwent CABG with or with-
out valve intervention had a higher rate of AF, atrial flutter
and VT in cases with CBC in all analyses excluding subgroups
with left ventricular ejection fraction (LVEF) < 35%.

Shu et al demonstrated a comparable rate of AF but
higher risk of ventricular rhythm disturbances was shown in

PSM analysis as well as in sub-analysis of cases with XC > 69
minutes [38]. In log regression analysis DNC had a significant
effect on reduction in the rate of ventricular arrhythmias.

The need for a temporary pacemaker was equal [39] or
higher in DNC groups [40] when compared with CBC.

Two studies comparing DNC with HTK presented results
on postoperative arrhythmia. Gunaydin et al. [25] reported
a higher rate of AF and atrioventricular (AV) block in the gen-
eral cohort and subgroup with a second cardioplegia dose
when DNC was used. When only one dose was administered,
the results were comparable. Different results were reported
by Duan et al. [23]. 3 degree AV block, VF and sudden cardi-
ac arrest were more frequent in the HTK group. However, in
the logistic regression model, the type of cardioplegia did
not have a statistically significant influence on the occur-
rence of severe post-operative arrhythmia. No differences
were found in a sub-analysis of cases with XC > 120 minutes.
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Inotropic/vasoactive support
and low cardiac output syndrome

Due to heterogeneity in reporting it is difficult to show
and analyze differences in the need for inotropic/vasopres-
sor support. Only Orak et al. [27] report lower noradrenaline
(NA) requirements during surgery when CBC was used. Sev-
en of reviewed articles showed a lower need for inotropic/
vasopressor support in the DNC group [2, 4, 7-8, 11, 15, 18].
In Ad et al. [31] the need for inotropic support was also low-
er in the DNC group, but significance was not reached due
to an alpha level of p < 0.001. A total of 19 other articles

Table 7. Early mortality

reported no differences in terms of the need for inotropic/
vasoactive and rate of low cardiac output syndrome (LCOS)
between DNC and CBC. Three [22, 24-25] of a total of four
studies comparing DNC and HTK showed no differences in
the need for inotropic support. Only in one sub-analysis of

cases with XC < 120 minutes from the study by Duan et al.

[23] the doses of NA were lower in the DNC group.
Non-cardiac or systemic complications

Ross et al. [30] showed no differences in the rate of acute
kidney injury (AKI), stroke or composite death. However, the

: No. RBC transfusions
Article Stu_dy Cardiac of pa-
desigh procedures tients
Eris DN retro- aortic root
(2021) vs BC | spective | procedures B S0 - Uil A0 e
Kagan DN retro- _ 0.898 in-hospital
(2021) vs BC spective e 20 e
Lama DN . .
(2021) vs BC RCT CABG 90 2.2 - 1.000 in-hospital
. . 30 days
Lenoir DN PM aortic root 110 0 _ 0.15 or in-ho-
(2021) vs BC procedures .
spital
Reidy DN retro- CABG in _

(2021) vs BC spective veterans = B g S eens
Ross DN retro- all cardiac . .
(2021) vs BC | spective | procedures <27 % - B IifriepiE

Sanri DN retro-

(2021) vs BC spective CABG 255 5.7 - 0.892 30 days
all cardiac

Sevuk DN procedures B _ .

(2021) vs BC PM and XC time 176 3.4 1.000 in-hospital
> 90 min

Algarni DN retro- all cardiac _ .y q

(2020) vs BC spective procedures s = g Itz

Chen DN acute aortic . .

(2020) vs BC PM dissection 122 4.83 6.67 - 0.964 in-hospital

George DN CABG or _ _

(2020) | vsBC il valve A v ez

Kirisci DN . .

(2020) vs BC RCT CABG 60 6.67 3.33 - 0.55 in-hospital

Kuserli DN aortic root . .

(2020) vs BC PM procedures 72 2.8 = 1.000 in-hospital
CABG or .

Schutz DN _ operative

(2020) | vsBC il CABGand | 670 L D758 | ortality

valve
Shi DN aortic root . .
(2020) | vs HTK il procedures e g - - Itz
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_ Cardio- Study  Cardiac no- RBC transfusions
LA plegia design procedures :’iz:::s
(;’g%) P S;:z;f’ve AVR 137 0 12 0.512 | 30 days
Vzg'(')ez‘%e)s e | ;&rctiec oot | 344 5.2 4.7 0.8035 | 30 days
K(‘;%';‘;')" VESC s;:g‘;/'e ;r'(')g:gﬂifecs 2108 3.6 3.0 0.54 | in-hospital
(2"0“109) VSDHNTK PM MMVIR?\ST//R 132 1.52 1.52 1.000 | in-hospital
P(rzagllig')a V_Egc PM :r';:;iifecs 204 3.9 3.9 1.000 | in-hospital
S(ggig;“ e RCT AVR 150 1.3 0 1.000 | 30days
(Tzig“legk) LR PM CABG 650 1.5 1.2 1.000 | 30days
. 30d
ooy | it | P | procaures | 208 :
‘i"zecffse)rt VSDHNTK PM MI AVR 118 0 0 - 30 days
Vé’;'(')ezk;)s R spr:gf’ve :r'l;:;ii:‘:s 2108 3.6 3.0 0.54 | in-hospital
'E;‘(:)'Tg')" e sprgg?ve :r'i)gzgiiraecs 2108 3.6 3.0 0.54 | in-hospital
(2'6“109) LR PM MMVIR%?/R 132 1.52 1.52 1.000 | in-hospital
P(rsgllig')a VngC PM :rll;:;ii:‘ecs 204 3.9 3.9 1.000 | in-hospital
s(;gig? e RCT AVR 150 1.3 0 1.000 | 30days
(Tzig“fg") e PM CABG 650 1.5 1.2 1.000 | 30days
(ZKOiTS) vngC PM pro\;aelt\:lljres 208 0 19 = R ﬁ\qr?:g[fith
et B | wan || : EE
égﬂ‘) B PM MI MVP 124 0 0 - in-hospital
(22?7) VISDgC RCT c;?nt;?ea:acllflzr 89 0 0 i (;ng:?;:i\s
?;(?137‘; VSD';C spfé;?ve . /é\:;@ 50 0 4 1.000 | in-hospital
Zg%aldf)h V'SD';C PM MI AVR 126 0 3.1 ns 30 days
(2K0ir1n6) vlsD gc PM :rll,s::jiifecs ’8 2.6 0 : ?1?(?:?;;:;;
'\("Zizclher? LR spectve a::';?m 100 0 2 0.314 | in-hospital
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Table 7. continuation

No. -
. jo Cardio- Study  Cardiac 00 RBC transfusions
prdilE plegia design procedures tients
Vistarini DN retro- . .
(2016) vs BC | spective AL e 0 0 - > 0.99 in-hospital
Ota DN . .
(2015) | vs BC R AVR 108 0 0 - - in-hospital
Rama- .
nathan VE';C < rg(t;?\/—e arlggzgilfecs 142 7.0 1.4 - ns in-hospital
(2015) P P
Sorabella DN retro- reoperative _ T .
(2014) vs BC spective AVR 113 0 1.6 1.000 in-hospital
Duan DN complex _
(2021) vs HTK PM valve surgery 146 4.1 8.2 0.302 30 days
Gu- DN
naydin vs HTK RCT MI AVR 200 2.10 - 1.04 0.7 in-hospital
(2020)
30 days
or during
Lee DN .
(2020) vs HTK PM MICS 456 0.4 - 0.4 > 0.99 mdgx _
hospitali-
zation

risk of reoperation caused by bleeding was higher in the DNC
group. In the sub-analysis of CABG cases the post-operative
levels of creatinine were significantly lower in the DNC group
but so were the pre-operative levels. A RCT by Santera et al.
[26] reported that the rate of significant creatinine increase
(> 25% or > 0.5mg/dL) or AKI was greater in the CBC group.
The retrospective study by Eris et al. [18] also showed that
AKI was more frequent in the CBC group. Further analysis
revealed it only applies to the AKI Stage 1. There were no
differences in the rate of other complications (cerebrovas-
cular incident, infection, AF, bleeding, respiratory failure) or
mortality. Stage 1 AKI (or any AKI) in CBC was also more fre-
quent in a retrospective study by Kagan et al. [21] In logistic
regression analysis AKI was correlated, among others, with
increased cardioplegia volume.

Luo et al. [33] showed significantly lower levels of blood
urea nitrogen (BUN) in the DNC group, without differences in
the post-operative levels of creatinine, eGFR or pre-operative
BUN. However, the DNC group had a significantly lower Euro
SCORE Il. Schutz et al. [37] reported a significantly higher rate
of neurological complications in the postoperative period
in DNC for the overall cohort (CABG + valve procedure), as
well as for the subgroup with LVEF < 35%. The rate of stroke
was also significantly higher in this subgroup when DNC was
used. The frequency of total infections and total sternal in-
fections was greater in the CBC group for the overall cohort.
Overall, most studies did not reveal differences in the rate of

postoperative complications between groups. It is notewor-
thy that almost all of the reviewed articles analyzed different
kinds of complications with different definitions. Early mor-
tality was the complication that was most often studied (in
37 studies, see Table 7) [1-6, 8-21, 23-26, 28-35, 37, 39-42].

Echocardiographic findings

Only George et al. [39] reported significantly lower LVEF
measured on the 5% post-operative day (POD) in the DNC
group, although the median values in both groups were in
the normal range.

Four[1, 6, 16, 36] studies (including one RCT), all describing
different types of cardiac surgeries, showed better echocardi-
ographic parameters in the DNC group measured at different
time points during hospitalization. No differences were shown
in other studies comparing DNC and CBC (Table 8).

Two RCTs on DNC versus HTK [22, 25] reported no differ-
ences in the LVEF measured before discharge. In the study
by Mehrebenian et al. [22], LVEF measured in the OR after
weaning from CPB was also comparable. In Duan et al. [23]
LVEF measured in the postoperative period was also similar
between groups, however systolic volume and cardiac out-
put (as echocardiographic parameters) were significantly
lower in HTK, both in the general cohort and subgroup of
XC 2 120 minutes. Whereas the sub-analysis of cases with
XC < 120 minutes showed no differences. [23]
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Length of ICU and hospital stay, CBC cases. A shorter ICU stay for the DNC group was report-
mechanical ventilation time ed in 2 studies [4, 38], with patients undergoing all types of
cardiac procedures. In their study concerning AVR reopera-

The majority of articles presented comparable hospital tions, Sorabella et al. [29] reported no differences in the ICU
and intensive care unit (ICU) length of stay (LOS) (Table 9) LOS and mechanical ventilation time, although hospital LOS

and time of mechanical ventilation between the DNC and was significantly shorter when DNC was used. Similar results

Table 8. LVEF
Cardiac No. postoperative LVEF [%]
Article of pa-
procedures tients
Eris DN retro- aortic root before
(2021) vs BC spective procedures L b2 e BHT ) o725 discharge
Lama DN before
(2021) vs BC RCT CABG 90 56.33+8.94 50.45+8.55 - < 0.001 discharge
Lenoir DN aortic root before
(2021) vs BC it procedures Sl S s ) 05 discharge
all cardiac
Sevuk DN procedures _ } } before
(2021) | vsBC PM | and xC time | 176 5 eet) S50 0.08 | jischarge
> 90 min
Shu DN all cardiac 59.0 within 48h
(2021) vs BC il procedures 2 S0 (0 EAE2) (48.5-61.0) . 0268 post-op
George DN CABG } 56.0 } 5th post-
(2020) vs BC PM or valve 2219 8 (@desrom) (51.7-57.6) = (LHulk -op day
Kuserli DN aortic root before
(2020) vs BC PM procedures 72 53.75+6.14 50.00+5.07 - 0.006 discharge
Shi DN aortic root
(2020) vs BC PM procedures 86 60.07+9.57 58.37+8.83 - 0.395 post-op
Ucak DN retro- routine
(2020) vs BC spective AVR 137 56.70+5.30 55.42+4.90 - 0.508 post-op
Pragliola DN all cardiac before
(2019) vs BC il procedures e el A 0.3 discharge
Sanetra DN } 2-3 days
(2019) vs BC RCT AVR 150 54.64+6.49 54.61+5.63 0.708 post-op
(Tz'g“g‘) LN PM CABG 650 53+13 54+12 - 0.36 | follow-up
Sabik DN on
+ + =
(2018) vs BC PM MI MVP 124 56.70+6.92 54.20+8.72 0.077 discharge
Hamad DN retro-
(2017) vs BC spective AVR + CABG 50 59.4+8.3 58.1+£8.9 - 0.601 post-op
Vistarini DN retro- on di-
(2016) vs BC spective MI AVR e e RIS . U scharge
Sorabella DN retro- reoperative } ~
(2014) vs BC spective AVR 113 48.5+10.7 46.8+10.9 0.401 post-op
Duan DN PM complex | 446 57(49-62) - 54(45-62) 0.261 | Periopera-
vs HTK valve surger tive
(2021) | gery : ive”
Gunaydin DN } before
(2020) vs HTK RCT MI AVR 200 41.0+10.0 42.5+10.0 0.6 discharge
Mehra- complex -
banian Vle_'|\'TK RCT cardiac 40 41.67+12.32 - 41.79+7.15 0.97 Sé’:a‘:'e
(2018) procedures 9
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Table 9. Hospital and ICU LOS

Article gla;_ Cardiac 0_;“3;" ICU LOS [d] or [h]
plegia res tients

(2E0ri251) ek slg:f:;ic:/-e ;:orgecdzorgts LLE i0.2é3[d] :I:O?‘;‘[d] 0.165 | 7.6:1.4 | /% 0.489
(Kzaogzaln) vE gc srggtt;ﬁ/-e EHEE e 3.22?)4;1] 23;?30; 0494 |/ é.Bf 2 :4.734 SCh
(Ii%n;f) vs',D gc e el =0 i1.36;7[d] 1.37";9[id] 055 :|:61'.0374 fz'é.}; Ok
("2?2"1") DR | em ;&rctgcd[f;gts 110 OB%O[:I(:” Oﬁgo[id] 0.32 | 5.5£0.3 | 5.640.3 0.27

Reidy | DN | retro- | CABGin | .. | 3.9 (29 3.5 o1 | 7261 | 72 028
(2021) vs BC | spective veterans 5.9) [d] (2.1-5) [d] 13.2) (6-11.1)

(Sc?;i) Vs BC SQEEZ?V'e Sﬁéﬁi&ﬂifecs A7 (25-;?) ] Y (2[?15114) B 8 (6-12) | 7(6-10) O
(gca);;i) b sl;:g:ﬁ/-e CABG 255 3.35?)6[21 3.3é?8[id] N D | e <0.001

all cardiac
é%"zulk) R Y apnrgi'fgiir;se 176 |1 (1-2)[d]| 1(1-2)[d] 0.09 | 5(56) | 55 0.24
> 90 min

(2Soh2u1) voBC | PM parli)é::giifecs 200 1.23753] 2.2é25[id] LHEELCH R - -
(2030) | vSBC | specive | nrocetures | 305 |3@5)[1| 46 0047 | 9 (7-14) | (110, 0.1
(gg;g) vobe | M| oeedon | 122 z?ig[fj] :l:2.83.‘1[d] 0.617 - - ;
?zegzrgi vsD';C PM off/\aBSe 286 | 3.1+0.8[d] | 3.1+0.5 [d] 0.931 | 7(6-8) | 7(6-9) ns
G T e | oo | 0 |t | a2l | - laom| Zh | 25| - [
F;;zeg')i LN | e ;&rctfecd;"rzts 72 |2(2-5)[d]| 3(2-6)[d] 0.681 - - -
S(’gg;nc;; vE gc spriﬁi?v'e AVR + MVR | 209 o?éio[d:j] o%é%o[j] i :l:5(.).9900 :I:5(.).9980 0.52
(z%giO) voec | PM S&fﬁfﬁiﬁ 86 :|:7§.21.%)9[h] :I:Z:;‘.‘4.1714[h] 0.156 fé§983 fé?ga O
(gggg) LN spr:glﬁl'e AVR 137 152.91'?h] :I:é.sé‘;?h] 0.685 | 6.2+2.8 | 62424 0.795
'i‘;%cfse)rt LN e MI AVR 118 5‘%1[?] 2%?5;1 0.098 | 6.7+4.5 | 5.4+2.3 0.116
'(*2""0”1?‘; LN s;:zl?:e e 50 43.9é4[i] 4‘;%63;] 0.213 | 6.8+2.5 | 8.7+5.4 0.127
Zgzaldf)h VEEC PM MI AVR 126 | 33+43[h] | 34%50[h] ns | 5825 | 59+27 ns
V(izsgalrg)“ v?gc s;:gﬁ/'e MI AVR 46 153.19'7”]] isg'lf[h] > 0.99 | 7.943.8 | 7.142.3 0.38
(2%tf5) vsec | PM AVR 108 :I:2.2i6[d] ¢3.3é7[d] 0.079 i?'cis R Qe
riaatrl'?:n Phi |l e ) ElCERIEE e - - - 14.0 16.2 0.3135
(2015) vs BC | spective | procedures
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Car- No.
. i Study Cardiac _ ICU LOS [d] or [h]
Article fllo. design Procedu- of pa
plegia res tients
el DN retro- | reoperative | 113 2.8 10.1
(5822) e AVR +2.0 [d] 4.1+£7.0 [d] - 0.193 | 7.9+3.4 17 - 0.035
Duan DN complex 29 (20- _ 43 (21- } _ 9
(2021) | vsHTK | PM  |valesurgery | 1*® | 68) [h] 75 . S Y (7-11) [9988
Gu- 5.6
. DN 1.8 (0.5- B 1.0 (04- 6.4 _ .
?;ggcl)r; vs HTK RCT MI AVR 200 3.6) [d] 17)[d] 0.41 (4.5-8.4) (49-71) | 0.56
Lee DN 1(1- 7
(2020) | vs HTK PM MICS 456 1(1-2) [d] - 2) ([d] 0.468 | 7 (6-10) - (6-9) 0.126
Mehra- complex 2.53
banian vsD|-|i\lTK RCT cardiac 40 iozz.éz[d] - +0.68 | 0.101 - = = =
(2018) procedures ’ [d]

can be found in two retrospective studies on isolated CABG
[20-21]. Significantly shorter mechanical ventilation time
in the CBC group was reported by Vistarini et al. [34]. In
a sub-analysis of cases with longer XC time requiring a sec-
ond DNC or HTK dose, Gunaydin et al. [25] reported signifi-
cantly longer ICU LOS and hospital LOS in the DNC group. No
differences were shown when only one dose of either DNC
or HTK was used. Mechanical ventilation time was compa-
rable in all analyses. Duan et al. [23] observed that the ICU
LOS was significantly shorter in the DNC group, both in the
general cohort after PSM and in the sub-analysis of cases
with XC < 120 minutes. In XC > 120 minutes cases ICU LOS
was comparable between groups. None of the sub-analyses
in that study revealed differences in the hospital LOS.

All of the currently used cardioplegic solutions are safe
and well-designed. The oldest of them, high-potassium CBC,
is also the most widely used in the world [43]. CBC has great
buffering properties and ensures cardiac arrest in a highly
oxygenated environment. Its oncotic properties prevent cell
oedema and its twenty minutes re-dosing period provides
re-oxygenation and washout of waste products, which im-
proves the preservation of ATP [39]. DNC developed by the
team from Boston Children’s Hospital [44] is also a high-po-
tassium solution. The main purpose of its chemical com-
position was to ensure the lowest possible intracellular
accumulation of calcium, which is particularly elevated in
depolarizing cardiac arrest. Depolarization creates higher
sodium and calcium gradient, which leads to cell calcium
overload — the main factor of IRI. Calcium influx is one of
the mechanisms leading to mitochondrial dysfunction and
reperfusion fibrillation [23].

High potassium levels may also lead to vasoconstriction
and disrupt the endothelium function in coronary and pe-
ripheral vessels aggravating the damage during reperfusion
[45]. DNC contains lidocaine (a Na*-K* pump blocker) which
counteracts the unfavourable effects of depolarization by
stabilizing the cell membrane, lowering excitability and
elongating the refraction period [46]. All these actions re-
duce the probability of hypercontraction due to high Ca?*
concentration. What is more DNC itself contains a small
amount of Ca?*. Additionally, lidocaine has a protective ef-
fect on the endothelium.

In some cardioplegia strategies, lidocaine can be adminis-
tered into the peripheral circulation [31], however, it is more
effective when injected directly into the coronary circulation.
Unlike CBC, DNC has low nutritional value due to the small
amount of blood and glucose. On the other hand, a small
amount of blood leads to lower hematocrit (ca. 6-7%), which
compared to CBC (ca. 26-32%) may provide better distribu-
tion in the coronary microcirculation. Such lower hematocrit
could be beneficial, particularly in low temperatures when
blood viscosity increases.

Better distribution means better cardioprotection and low-
er postoperative cardiac enzymes. HTK acts differently from
the two above-mentioned solutions. A low-sodium solution
causes membrane hyperpolarization, which leads to a revers-
ible diastolic arrest. Better cell membrane stabilisation pro-
vides lower permeability for ions such as Ca?*. An additive of
Mg? in HTK also stabilizes cardiomyocyte cell membranes, yet
lidocaine seems to be superior and more effective.

Quality of cardioprotection: cardiac enzymes
Cardiac enzymes are one of the most reliable markers of

cardioprotection during the cardiac surgery procedure. Ele-
vated postoperative Tn or CK-MB level correlates with early
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outcomes and mortality of cardiac surgery patients. The ma-
jority of analyzed studies showed equally good or better
cardioprotection in DNC cases when correlated with cardiac
enzyme levels. The weak point is again the heterogeneity of
reporting. Study protocols differ in terms of the time point of
collecting blood samples, the measurement’s accuracy over
time [47], application and degree of hypothermia, cardiople-
gia administration and redosing protocols.

Quality of cardioprotection:
post cross-clamp ventricular fibrillation

An indirect sign of cardioprotection is the heart’s electri-
cal activity during the procedure. In two studies analyzing
this parameter, DNC was more effective in lowering the elec-
trical activity of the heart.

Spontaneous return of SR after cross-clamp removal also
gives information about cardioprotection. Longer ischemia
and lower quality of cardioprotection increase the proba-
bility of VF and the need for defibrillation. Once again, the
reported values are not homogeneous but are enough to
make some conclusions. What draws attention is a signifi-
cantly higher percentage of spontaneous SR return in DNC
groups in the vast majority of the analysed studies. This il-
lustrates good cardioprotection and control of Ca®* accumu-
lation mechanisms in cardiomyocytes, which is a main factor
of VF after XC [42].

Hypothermia prolongs repolarization and is a known
pro-arrhythmic factor. Constant cooling of the myocardium
during many CBC repetitions may trigger VF. Slow rewarming
of the heart after only one dose of DNC could be a protective
factor [26]. However, this effect is not visible in HTK (also
a single-dose cardioplegia solution) and probably plays an
additional role in cardioplegia composition.

Less VF after XC removal means less direct current shocks
and less myocardial damage, which may lower the concen-
trations of post-operative cardiac enzymes. Discrepancies in
the VF:SR ratio noted in the studies may be due to the dif-
ferences in the cardioplegia administration protocols or the
patient population.

Quality of cardioprotection:
echocardiographic parameters

Decreased contractility in the post-operative period may
be the result of poor cardioprotection. All but one study [39]
showed similar or better cardiac function in echocardio-
graphic examination in the DNC groups when compared
with CBC or HTK. It is noteworthy that not all of the ar-
ticles analyzed changes between pre- and post-operative
examinations. Duan et al. [23] comparing DNC and HTK
reported better post-operative systolic volume and cardiac
output measured by echocardiography in the former. How-
ever, this ratio does not necessarily indicate better heart

function, only an increase in extracellular fluid. There is
no evidence that LV mass influences cardioprotection [12].
However, LV hypertrophy and the presence of coronary
disease in adults may have a negative effect the quality of
cardioprotection in comparison with the pediatric popula-
tion. Hypertrophied myocardium has a metabolism similar
to that of fetal myocardium (increased glycolysis, reduced
oxidation of fatty acids), which leads to reduced ischemia
tolerance. This may suggest a better effect of DNC devel-
oped for similar conditions.

Postoperative complications

There is no evidence that the use of DNC reduces the
number of postoperative complications. A relatively small
number of analyzed cases may cause problems with obtain-
ing statistical significance of rare complications. Differences
in reporting also make it difficult to draw clear conclusions,
as in the case of vasoactive or inotropic agent administration.
LCOS may be a consequence of inadequate cardioprotection
requiring vasoactive/inotropic support or even mechani-
cal circulatory support. Almost every study had a different
method of reporting data, thus making it difficult to com-
pare them. However, in general patients with DNC had a sim-
ilar or even lower need for vasoactive and inotropic agents.

The possible indirect influence of DNC on renal function
is noteworthy. In four studies the DNC patients had better
renal parameters [26, 33] or less frequent occurrence of AKI
[18, 21, 26]. In studies by Eris and Kagan, this only applied
to stage 1 AKI [18, 21]. Sanetra et al. hypothesized that li-
docaine as a vasodilator could improve renal flow which in
addition to shorter CPB and better cardiac function in the
postoperative period may have a positive effect on kidney
function [26]. A trend towards better renal function is also
seen in metanalysis by Misra et al. [48].

Questions and limitations of the review

Two main DNC dosing protocols can be found in the liter-
ature. The first method is a constant volume (usually 1000 or
1500 ml) delivered regardless of the patient’s body weight.
The second approach is dosing based on the patient’s body
weight (typically 20 mL/kg), with or without an indication of
the maximum dose.

However, the method of administering the additional
DNC doses remains unclear due to the lack of a standard
dosing schedule. The most common rule is re-dosing % of the
initial DNC dose after 60 minutes of XC if the expected total
XC time is > 90 minutes. Many modifications to the re-dosing
period or the volume and composition of the second DNC
dose can be found in the literature [49-52]. The authors of
the analyzed studies did not always include the protocols for
administration and re-dosing of DNC. Those potential differ-
ences in dosing may be responsible for inconsistent results,
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fects of ischemia during open-heart surgery. The differences
between DNC, CBC and HTK described in the analyzed stud-
ies do not disqualify any of the solutions but may suggest
the need for further research, particularly in the context of

longer XC times. More randomized trials are needed, possi- The authors do not have anyconflict of interest in this project.
bly also examining cardiac function in a long-term follow-up.

References

1. Moktan Lama PB, Khakural P, Sigdel S, Raj Bhatta M, Sah Teli R, Baral RK, et al. Del Nido Cardioplegia in Coronary Artery By-
pass Grafting Surgery: A safe, efficacious and economic alternative to St. Thomas solution; an experience from a developing
nation. Perfusion 2021;36(5):470-5. Available from: https://doi.org/10.1177/0267659121991033

2. Lenoir M, Bouhout I, Jelassi A, Cartier R, Poirier N, El-Hamamsy |, et al. Del Nido cardioplegia versus blood cardioplegia
in adult aortic root surgery. J Thorac Cardiovasc Surg. 2021;162(2):514-22.e2. Available from: https://doi.org/10.1016/J.
JTCVS.2020.01.022

3. Reidy MR, Jimenez E, Omer S, Cornwell LD, Runbeck SX, Preventza O, et al. Single-dose del Nido cardioplegia com-
pared with standard cardioplegia during coronary artery bypass grafting at a Veterans Affairs Hospital. Tex Heart Inst J.
2021;48(1):e196981. Available from: https://doi.org/10.14503/THIJ)-19-6981

4. Algarni KD. Routine use of del Nido cardioplegia compared with blood cardioplegia in all types of adult cardiac surgery
procedures. J Card Surg. 2020;35(12):3340-6. Available from: https://doi.org/10.1111/JOCS.15060

5. Kirisci M, Kogarslan A, Altintas Aykan D, Alkan Baylan F, Doganer A, Orak Y. Evaluation of the cardioprotective effects of
crystalloid del Nido cardioplegia solution via a rapid and accurate cardiac marker: heart-type fatty acid-binding protein.
Turk J Med Sci. 2020;50(4):999-1006. Available from: https://doi.org/10.3906/SAG-2002-53

6. Kuserli Y, Turkyilmaz S, Turkyilmaz G, Kavala AA. Comparison of del Nido cardioplegia and blood cardioplegia in aortic root
surgery. Heart Surg Forum. 2020;23(3):E376-84. Available from: https://doi.org/10.1532/HSF.2861

7. Sharma A, Dixit S, Mittal S, Sharma M, Sharma D, Mawar KK. Del Nido cardioplegia versus St Thomas cardioplegia solu-
tion in double valve replacement: a single centre experience. Perfusion 2021;36(5):476-81. Available from: https://doi.
org/10.1177/0267659120961921

8. Ucak HA, Ucak D. Single-Dose Del Nido cardioplegia vs. blood cardioplegia in aortic valve replacement surgery. Braz J Cardi-
ovasc Surg. 2021;36(2):229-36. Available from: https://doi.org/10.21470/1678-9741-2020-0063

9. Willekes H, Parker J, Fanning J, Leung S, Spurlock D, Murphy E, et al. Del Nido cardioplegia in ascending aortic surgery. Semin
Thorac Cardiovasc Surg. 2021;35(1):33-41. Available from: https://doi.org/10.1053/J.SEMTCVS.2021.10.008

10. Kucinski J, Gorska A, Deja MA. Del Nido cardioplegia as a safe and effective method of myocardial protection in adult pa-
tients undergoing cardiac surgery: a single center experience. Kardiol Pol. 2019;77(11):1040-6. Available from: https://doi.
org/10.33963/KP.14964

11. Timek TA, Beute T, Robinson JA, Zalizadeh D, Mater R, Parker JL, et al. Del Nido cardioplegia in isolated adult coronary artery by-
pass surgery. J Thorac Cardiovasc Surg. 2020;160(6):1479-85.e5. Available from: https://doi.org/10.1016/].jtcvs.2019.09.027

12. Kim WK, Kim HR, Kim JB, Jung SH, Choo SJ, Chung CH, et al. del Nido cardioplegia in adult cardiac surgery: beyond single-valve
surgery. Interact Cardiovasc Thorac Surg 2018;27(1):81-7. Available from: https://doi.org/10.1093/ICVTS/IVY028

13. Sabik JF, Raza S, Chavin KD. Safety and benefits of new techniques and technologies in less invasive mitral valve repair. J Card
Surg. 2018;33(10):609-19. Available from: https://doi.org/10.1111/J0CS.13801

14. Hamad R, Nguyen A, Laliberté E, Bouchard D, Lamarche Y, El-Hamamsy |, et al. Comparison of del Nido Cardioplegia
With Blood Cardioplegia in Adult Combined Surgery. Innovations (Phila) 2017;12(5):356-62. Available from: https://doi.

org/10.1097/1M1.0000000000000403




56

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Eur J Transl Clin Med 2023;6(1):41-57

Ziazadeh D, Mater R, Himelhoch B, Borgman A, Parker JL, Willekes CL, et al. Single-dose del Nido cardioplegia in minimally
invasive aortic valve surgery. Semin Thorac Cardiovasc Surg. 2017;29(4):471-6. Available from: https://doi.org/10.1053/J.
SEMTCVS.2017.10.001

Mishra P, Jadhav RB, Mohapatra CKR, Khandekar J, Raut C, Ammannaya GK, et al. Comparison of del Nido cardioplegia
and St. Thomas Hospital solution — two types of cardioplegia in adult cardiac surgery. Kardiochir Torakochirurgia Pol.
2016;13(4):295-9. Available from: https://doi.org/10.5114/KITP.2016.64867

OtaT, Yerebakan H, Neely RC, Mongero L, George |, Takayama H, et al. Short-term outcomes in adult cardiac surgery in the use
of del Nido cardioplegia solution. Perfusion 2016;31(1):27-33. Available from: https://doi.org/10.1177/0267659115599453
Eris C, Engin M, Erdolu B, Kagan As A. Comparison of del Nido Cardioplegia vs. blood cardioplegia in adult aortic surgery:
Is the single-dose cardioplegia technique really advantageous? Asian J Surg. 2022;45(2):1122-7. Available from: https://
doi.org/10.1016/J.ASJSUR.2021.09.032

Sevuk U, Dursun S, Ar ES. Propensity-Matched Analysis of Del Nido Cardioplegia in Adults Undergoing Cardiac Surgery with
Prolonged Cross-Clamping Time. Braz J Cardiovasc Surg 2021;37(5):702-9. Available from: https://doi.org/10.21470/1678-
9741-2020-0309

Sanri US, Ozsin KK, Toktas F, Yavuz $. Comparison of Del Nido cardioplegia and blood cardioplegia in terms of development

of postoperative atrial fibrillation in patients undergoing isolated coronary artery bypass grafting. Braz J Cardiovasc Surg.
2021;36(2):158-64. Available from: https://doi.org/10.21470/1678-9741-2020-0047

Ahmet Kagan AS, Engin M, Amag B, Aydin U, Eris C, Ata Y, et al. Effect of del nido cardioplegia use on kidney injury after cor-
onary bypass operations. Rev Assoc Med Bras. (1992) 2021;67(9):1322-7. Available from: https://doi.org/10.1590/1806-
9282.20210642

Mehrabanian MJ, Firoozabadi MD, Hossein S, Tafti A, Khalil S, Nia F, et al. Clinical outcomes and electrolyte balance factors

in complex cardiac operations in adults; Del Nido® Versus Custodiol® Cardioplegia Solutions: A randomized controlled clin-
ical trial. Iran Red Crescent Med J. 2018;20(4):64648. Available from: https://doi.org/10.5812/ircm|.64648
Duan L, Hu G huang, Wang E, Zhang C liang, Huang L jin, Duan Y ying. Del Nido versus HTK cardioplegia for myocardial pro-

tection during adult complex valve surgery: a retrospective study. BMC Cardiovasc Disord. 2021;21(1):604. Available from:
https://doi.org/10.1186/512872-021-02411-W
Lee C hoon, Kwon Y, Park SJ, Lee JW, Kim JB. Comparison of del Nido and histidine-tryptophan-ketoglutarate cardioplegic

solutions in minimally invasive cardiac surgery. J Thorac Cardiovasc Surg. 2020;164(4):e161-e171. Available from: https://
doi.org/10.1016/J.JTCVS.2020.11.163

Gunaydin S, Akbay E, Gunertem OE, McCusker K, Kunt AT, Onur MA, et al. Comparative effects of single-dose cardioplegic
solutions especially in repeated doses during minimally invasive aortic valve surgery. Innovations (Phila) 2021;16(1):80-9.
Available from: https://doi.org/10.1177/1556984520967119

Sanetra K, Gerber W, Shrestha R, Domaradzki W, Krzych £, Zembala M, et al. The del Nido versus cold blood cardioplegia in
aortic valve replacement: A randomized trial. J Thorac Cardiovasc Surg. 2020;159(6):2275-2283.e1. Available from: https://
doi.org/10.1016/J.JTCVS.2019.05.083

Orak Y, Kocarslan A, Boran OF, Acipayam M, Eroglu E, Kirisci M, et al. Comparison of the operative and postoperative effects
of del Nido and blood cardioplegia solutions in cardiopulmonary bypass surgery. Braz J Cardiovasc Surg. 2020;35(5):689-96.
Available from: https://doi.org/10.21470/1678-9741-2019-0436

Koeckert MS, Smith DE, Vining PF, Ranganath NK, Beaulieu T, Loulmet DF, et al. Del Nido cardioplegia for minimally invasive
aortic valve replacement. J Card Surg. 2018;33(2):64-8. Available from: https://doi.org/10.1111/J0CS.13536

Sorabella RA, Akashi H, Yerebakan H, Najjar M, Mannan A, Williams MR, et al. Myocardial protection using del nido car-
dioplegia solution in adult reoperative aortic valve surgery. J Card Surg. 2014;29(4):445-9. Available from: https://doi.
org/10.1111/J0CS.12360

Ross JDW, Newland RF, Hamson RTJ, Rice GD, Baker RA. Del Nido cardioplegia in adult cardiac surgery: analysis of myocar-
dial protection and post-operative high-sensitivity Troponin T. ANZ J Surg 2021;91(10):2192-8. Available from: https://doi.
org/10.1111/ANS.17135

Ad N, Holmes SD, Massimiano PS, Rongione AJ, Fornaresio LM, Fitzgerald D. The use of del Nido cardioplegia in adult car-
diac surgery: A prospective randomized trial. J Thorac Cardiovasc Surg. 2018;155(3):1011-8. Available from: https://doi.
org/10.1016/J.JTCVS.2017.09.146

Kim JS, Jeong JH, Moon SJ, Ahn H, Hwang HY. Sufficient myocardial protection of del Nido cardioplegia regardless of ven-
tricular mass and myocardial ischemic time in adult cardiac surgical patients. J Thorac Dis. 2016;8(8):2004-10. Available
from: https://doi.org/10.21037/JTD.2016.06.66

Luo H, Qi X, Shi H, Zhao H, Liu C, Chen H, et al. Single-dose del Nido cardioplegia used in adult minimally invasive valve
surgery. ) Thorac Dis. 2019;11(6):2373-82. Available from: https://doi.org/10.21037/JTD.2019.05.78




34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Del Nido cardioplegia versus other contemporary... 57

Vistarini N, Laliberté E, Beauchamp P, Bouhout |, Lamarche Y, Cartier R, et al. Del Nido cardioplegia in the setting of minimal-
ly invasive aortic valve surgery. Perfusion 2017;32(2):112-7. Available from: https://doi.org/10.1177/0267659116662701
Chen HW, Wang L, Wan LL, Xiao LQ, Chen X. Use of del Nido cardioplegia in acute aortic dissection surgery. Perfusion
2021;36(3):233-8. Available from: https://doi.org/10.1177/0267659120938528
Kavala AA, Turkyilmaz S. Comparison of del Nido Cardioplegia with Blood Cardioplegia in Coronary Artery Bypass Graft-
ing Combined with Mitral Valve Replacement. Braz J Cardiovasc Surg. 2018;33(5):496-504. Available from: https://doi.
org/10.21470/1678-9741-2018-0152
Schutz A, Zhang Q, Bertapelle K, Beecher N, Long W, Lee VV, et al. Del Nido cardioplegia in coronary surgery: a propensity-matched
analysis. Interact Cardiovasc Thorac Surg. 2020;30(5):699-705. Available from: https://doi.org/10.1093/ICVTS/IVAA010

Shu C, Hong L, Shen X, Zhang W, Niu Y, Song X, et al. Effect of Del Nido cardioplegia on ventricular arrhythmias after cardio-
vascular surgery. BMC Cardiovasc Disord. 2021;21(1):32. Available from: https://doi.org/10.1186/512872-020-01844-Z
George G, Varsha A V., Philip MA, Vithayathil R, Srinivasan D, Sneha Princy FX, et al. Myocardial protection in cardiac surgery:
Del Nido versus blood cardioplegia. Ann Card Anaesth. 2020;23(4):477-84. Available from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC7879885/
Shi H, Luo H, Qi X, Zhao H, Liu C, Chen H, et al. del Nido cardioplegia in surgery for aortic root disease: a historically con-
trolled study. J Thorac Dis. 2020;12(8):4105-14. Available from: https://doi.org/10.21037/JTD-20-1101

Pragliola C, Hassan E, Ismail H, Al Otaibi K, Alfonso JJ, Algarni KD. del Nido cardioplegia in adult patients: a propen-
sity-matched study of 102 consecutive patients. Heart Lung Circ. 2020;29(9):1405-11. Available from: https://doi.
org/10.1016/J.HLC.2019.08.019

Ramanathan R, Parrish DW, Armour TK, Brinster DR. Use of del Nido cardioplegia in adult cardiac surgery. Thorac Cardiovasc

Surg. 2015;63(7):624-7. Available from: https

doi.or

10.1055/5-0035-1545260

Ali JM, Miles LF, Abu-Omar Y, Galhardo C, Falter F. Global cardioplegia practices: results from the global cardiopulmo-

nary bypass survey. J Extra Corpor Technol. 2018;50(2):83-93. Available from: https://www.ncbi.nIm.nih.gov/pmc/articles/

PMC6002645/

Matte GS, Del Nido PJ. History and Use of del Nido Cardioplegia Solution at Boston Children’s Hospital. J Extra Corpor Tech-
nol. 2012;44(3):98-103. Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4557532
Govindapillai A, Hua R, Rose R, Friesen CH, O’Blenes SB. Protecting the aged heart during cardiac surgery: Use of del Nido

cardioplegia provides superior functional recovery in isolated hearts. J Thorac Cardiovasc Surg. 2013;146(6):940-8. Availa-
ble from: https://doi.org/10.1016/j.jtcvs.2013.05.032
O’Brien JD, Howlett SE, Burton HJ, O’Blenes SB, Litz DS, Friesen CLH. Pediatric cardioplegia strategy results in enhanced
calcium metabolism and lower serum troponin T. Ann Thorac Surg. 2009;87(5):1517-23. Available from: https://doi.
org/10.1016/j.athoracsur.2009.02.067

Mick SL, Robich MP, Houghtaling PL, Gillinov AM, Soltesz EG, Johnston DR, et al. del Nido versus buckberg cardioplegia in
adult isolated valve surgery. ) Thorac Cardiovasc Surg. 2015;149(2):626-636.e5. Available from: https://doi.org/10.1016/J.
JTCVS.2014.10.085
Misra S, Srinivasan A, Jena SS, Bellapukonda S. Myocardial protection in adult cardiac surgery with del Nido versus blood
cardioplegia: a systematic review and meta-analysis. Heart Lung Circ. 2021;30(5):642-55. Available from: https://doi.
org/10.1016/J.HLC.2020.10.016

Ong GS, Guim GS, Lim QX, Chay-Nancy HS, Jaafar NB, Lim CA, et al. Alternative technique of long acting cardioplegia delivery
results in less hemodilution. Perfusion 2020;36(4):365-73. Available from: https
Yammine M, Neely RC, Loberman D, Rajab TK, Grewal A, McGurk S, et al. The use of lidocaine containing cardioplegia in sur-
gery for adult acquired heart disease. J Card Surg. 2015;30(9):677-84. Available from: https://doi.org/10.1111/J0CS.12597
Sevuk U, Dursun S, Ar ES. Tepid modified del Nido cardioplegia in adults undergoing cardiac surgery: a propensity-matched
analysis. Braz J Cardiovasc Surg. 2021; 37(6):793-800. Available from: https://doi.org/10.21470/1678-9741-2020-0422

D’angelo AM, Nemeth S, Wang C, Kossar AP, Takeda K, Takayama H, et al. Re-dosing of del Nido cardioplegia in adult car-

doi.or

10.1177/0267659120946727

diac surgery requiring prolonged aortic cross-clamp. Interact Cardiovasc Thorac Surg. 2022;34(4):556-63. Available from:

https:

doi.or

10.1093/ICVTS/IVAB310



