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Enhancement of myocardial recovery with terminal ‘hot shot’ cardioplegia
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Department of Cardiac Surgery, Faisalabad Institute of Cardiology, Faisalabad, Pakistan.>?

ABSTRACT

Background: Terminal ‘hotshot’ (THS) cardioplegia is a technique that might contribute into myocardial protection in
patients undergoing cardiac surgery.

Obijective: To determine the effect of THS cardioplegia administration in patients undergoing coronary artery bypass
grafting (CABG).

Methods: A randomized control trial (ACTRN12624001225505) was conducted from 20th December 2023 to 10th
February 2024 involving 60 patients admitted from the outpatient department for elective CABG at Faisalabad Institute of
Cardiology, Faisalabad, Pakistan. It was a single-blinded study and the patients were randomized into two equal groups,
group A (control group) and group B (experiment group). During the surgery performed utilizing a Cardiopulmonary
Bypass (CPB) machine, both groups received cold blood cardioplegia to arrest the heart, providing a quiescent field at the
start of the grafting process in CABG. In group B patients, 100 ml of THS volume was given to each of the grafted
territories via saphenous vein grafts and the rest of the volume from the total of 500 mL was given in the aortic root via the
antegrade cardioplegia cannula for maximum myocardial distribution. The levels of Troponin | (Tnl) and Creatinine
Kinase MB (CK MB) were measured in the blood one hour after regaining sinus rhythm and on 5th postoperative day
(POD). Durations of postoperative Inotrope use, intubation, aortic cross-clamp, CPB time, time to regain sinus rhythm,
and ICU stay were recorded in both the groups. Data was entered and analyzed using SPSS version 25. A p-value < 0.05
was considered statistically significant.

Results: Mean age of the participants was 58.9+7.36 years. The levels of Tnl were lower in group B than in group A one
hour after regaining sinus rhythm (0.20+0.076 ng/ml and 0.31+0.058 ng/ml respectively, p-value <0.001) as well as on the
5th POD (0.15+0.663 ng/ml and 0.26+0.051 ng/ml respectively, p-values<0.001). CK MB levels were also lower in group
B than in group A one hour after regaining sinus rhythm (48.4+25.13 IU/L and 70.5£29.00 IU/L respectively, p-value
<0.003) as well as on the 5th POD (39.2+19.44 1U/L and 71.0+37.08 IU/L respectively, p-value<0.001). Inotropic support
was used for a shorter time in group B than in group A (5.9+£1.99 hours and 7.0+1.87 hours respectively, p-value=0.031).
There were no significant differences in the durations of intubation, ICU stay, cross-clamp time, CPB time, and the time to
regain sinus rhythm between the two groups (p-value>0.05).

Conclusion: ‘Hot shot’ cardioplegia decreases the release of Tnl from the myocardial cells post-cardiac surgery. The
inotropic support time is also shortened when THS cardioplegia is used.
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INTRODUCTION

Myocardial protection is the cornerstone of cardiac
surgery.! One of the most common causes of low
cardiac output syndrome (LCOS) post-cardiac
surgery is inadequate myocardial protection. Since
the advent of cardiac surgery ventricular fibrillation
with  intermittent aortic  cross-clamping, deep
systemic hypothermia and cardioplegia with various
ionic compositions and temperatures have assisted in
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achieving this goal. In the past, a frequently applied
technique to achieve this was the use of terminal 'hot
shot' (THS) cardioplegia which was administered to
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enhance myocardial recovery. THS includes the
components that are responsible for stabilizing the
myocardial cell membrane and decreasing metabolic
content intracellularly. It can be given via saphenous
vein grafts, the aortic root, or retrograde through the
coronary sinus. This technique has shown promising
results in myocardial recovery with the earlier return
of spontaneous cardiac activity after aortic cross-
clamp removal.? The effects of this strategy have
been tested in animal subjects and shown to have
superior myocardial recovery and less LCOS
postoperatively.> Among the patients receiving a ‘hot
shot’, there were significantly higher ATP levels and
reduced lactate levels in myocardial biopsies post-
reperfusion, consistent with improved myocardial
recovery.*

The use of THS on cardiopulmonary bypass grafting
(CABG) patients has been known to decrease the
need for defibrillating the heart while weaning from
cardiopulmonary bypass (CPB) emphasizing global
myocardial recovery.® Most of the research done
internationally was retrospective,>® had a smaller
sample  size,*®  used either warm  blood
cardioplegia,”®® or crystalloid cardioplegia,® or
measured variables over a short period of time.? In
our country, there has been no study on cardiac
surgery setups using THS in the last 10 years. The
objective of our study was to determine the effect of
Terminal ‘'hot shot' cardioplegia administration in
patients undergoing CABG.

METHODS

A randomized controlled trial was conducted at the
Cardiac Surgery Department of Faisalabad Institute
of Cardiology, Faisalabad, Pakistan from 20th
December 2023 to 10th February 2024. It was a
single-blinded study; written informed consent was
taken and 60 patients were enrolled in the study.
Patients were randomly allocated into two equal
groups by computer-generated software (research
randomizer), group A was the control group and
group B was the experimental group.?

Patients above 18 years of age, males and females,
with body mass index (BMI) of 18.5 to 29.9; and
admitted from the outpatient department for the
elective CABG were included in the study. Patients
with left ventricular ejection fraction (LVEF) of less
than 45% and left main stem stenosis were excluded
from this study.

The operational definition of cold blood cardioplegia
is the volume of blood at 4° C enriched with
potassium to stop the heart temporarily in the patients
during cardiac surgery while they are undergoing the
cardiopulmonary bypass (CBP). Terminal 'hot shot'
cardioplegia is an enhanced cell membrane
stabilizing mixture of blood containing 20%
Mannitol, 60 mg 2% Xylocaine, 500 mg Magnesium
Sulphate and 8.4% Sodium Bicarbonate at 37° C. Itis
administered prior to the removal of cross-clamp
previously placed on the aorta at the start of grafting.

Group A: Control group; patients undergoing CABG
and no THS cardioplegia intervention was
administered.

Group B: Experiment group; patients undergoing
CABG and THS cardioplegia intervention was
administered.

Assessed for Eligibility (n=85)

Randomized (n =60)

Excluded (n=25)
BMI>29.9 =17
LVEF<40% =6

Left main stream
stenosis = 2

Did not Received
receive THS THS
(Group A) (Group B)
(n=30) (n=30)

Followed Followed

up up
(n=30) (n=30)

Analyzed (n=30) Analyzed (n=30)

Figure 1: Flowchart of patient recruitment, allocation,
intervention and analysis

After anesthesia induction and aseptic measures,
median sternotomy and pericardiotomy were done.
The left internal mammary artery (LIMA) and long
saphenous vein were harvested. The patient was then
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heparinized, and aortic cannulation (distal ascending
aorta) and two staged venous cannulations (right
atrial appendage) were done. CBP was initiated,
aortic cross-clamp was applied, followed by
administration of cold blood cardioplegia in both
groups to arrest the heart. The temperature was
reduced to 32° C. Distal coronary anastomosis was
secured and rewarming started. In group B patients,
100 ml of THS volume was given to each of the
grafted territories via saphenous vein grafts at this
point. The rest of the 500 mL of THS volume was
given in the aortic root via the antegrade cardioplegia
cannula for maximum myocardial distribution.

During administration, the delivery of THS was
visually confirmed by the operating surgeon, assistant
surgeon, and the perfusionist, for its rundown in the
coronaries. After THS was given, the aortic cross-
clamp was removed, keeping low flows in CPB. The
top ends of grafts were anastomosed to the aorta.
Time taken by the heart to regain sinus rhythm after
cross-clamp removal was recorded. The patient was
weaned off from CPB. Blood samples for Tnl and
CK MB were taken at two points; 01 hour after
regaining sinus rhythm and at the 5" postoperative
day (POD). CPB time and the time for the return of
sinus rhythm were measured intraoperatively.
Postoperative durations of intubation, inotropic
support, and ICU stay were also recorded.

Ethical Approval

The ethical approval of the study was obtained from
the Ethical Review Board of Faisalabad Institute of
Cardiology, Faisalabad, Pakistan (letter number 46-
2023/DME/FIC/FSD). This trial was registered with
the Australian New Zealand Clinical Trials Registry
(ANZCTR) number ACTRN12624001225505.

Statistical Analysis

The data analysis was conducted using SPSS version
25. Continuous variables were presented as mean +
standard deviation (SD), while categorical data were
reported as frequencies and percentages. An
independent t-test was used to compare the
quantitative data in groups. A p-value of < 0.05 was
considered significant.

RESULTS

The mean age of the study participants was 58.9+7.36
years, comprising of 58% males and 42% females.
The mean BMI of the participants was 24.7+1.80
kg/m2. Diabetes was the most common co-morbidity

observed, affecting more than half of the patients,
and hypertension was in 42% of the patients. LVEF
values varied, with the majority having an LVEF of
60%, while smaller proportions had values ranging
from 45% to 55%, indicating potential an early-stage
cardiac compromise (Table 1).

Table 1: Baseline characteristics of the whole study

population
Variables n =60
n(%)
Hypertensive 25(42)
Diabetic 32(53)
COPD 21(35)
LVEF
45% 10(17)
50% 6(10)
55% 9(15)
60% 35(58)

COPD: Chronic obstructive pulmonary disease, LVEF= Left
Ventricle ejection fraction %

Table 2 displays the baseline characteristics of the
patients in groups A and B. There were no significant
differences in gender, hypertension, diabetes
mellitus, COPD, and LVEF between the two groups.

Table 2: Baseline characteristics of the patients in
the control and the experimental groups
Variables  Group A Group B

(n=30) (n=30)

n (%) n (%) e p-value
Gender
Male 20 (67) 15 (50)
Female 10 (33) 15 (50) 171 0.192
Hypertension
Yes 9 (30) 16 (53)
No 21 (70) 14 (47) 3.36 0.062
Diabetes
mellitus
Yes 19 (63) 13 (43)
No 11(37) 17(57) 2.41 0.12°
COPD
Yes 10 (33) 11 (37)
No 20(67) 19 (63) 0.07 0.792
LVEF
45% 5(17) 5(17)
50% 3(10) 3(10)
55% 6 (20) 3(10)
60% 16 (53) 19 (63) NA 0.73°

3Chi Square test was applied. Fisher’s Exact test applied. *p-
viaue<0.05 was considered statistically significant. COPD=
Chronic obstructive pulmonary disease, LVEF= Left Ventricle
ejection fraction %, Group A: Control group, Group B:
Experiment group

The intraoperative and immediate post-operative
variables were compared between groups A and B.
No significant differences were found in cross-clamp
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time, CPB time, or the time to resume sinus rhythm
between the two groups (p-value>0.05). However,
Troponin | and CK-MB levels, assessed one hour
after regaining sinus rhythm, were lower in group B
than in group A (p-value<0.05). Additionally, group
A required longer inotropic support post-operatively
than group B (p-value=0.031). No significant
differences were found in intubation duration and
ICU stay between the two groups (p-value>0.05).
The levels of Tnl and CK MB levels on the 5™ post-
operative day were lower in group B as compared to
group A (p-value<0.001) (Table 3).

Table 3: Comparison of intraoperative and
postoperative variables between the two groups

Variable Group A Group B

Mean+SD  Mean+SD  p-value

Cross clamp time (min) 58.849.20  59.6+8.25  0.724
CPB time (min) 86.8+12.65 87.9+12.09 0.732
Time to regain SR (s) 137.2422.37 140.2+29.05 0.656
Troponin | (ng/ml)

1 hr after SR 0.31+0.058 0.200.076 <0.001*
CK MB (1U/L)
1 hr after SR 705+29.00 48.4+25.13  0.003*

Intubation duration (hr) 4.5+1.59 4.2+1.29 0.376
ICU stay (days) 2.7+0.58 2.6+0.62 0.521
Inotropic support (hr)  7.0+1.87 5.9+1.99 0.031*
5t POD Troponin |

(ng/ml) 0.26+0.051 0.15+0.663 <0.001*
5" POD CK MB (IU/L) 71.0+37.08 39.2+19.44 <0.001*
Independent samples t-test was applied. *p-viaue<0.05 was
considered statistically significant. Group A: Control group,
Group B: Experiment group. CPB= cardiopulmonary bypass,
SR= sinus rhythm, POD= post-operative day

DISCUSSION

In this randomized trial, Tnl and CK MB levels were
compared between control patients and patients who
received THS cardioplegia during CABG and the
levels were significantly lower in the experiment
group than the control group, both in the initial
intraoperative period as well as on the fifth
postoperative day. This indicates a lesser cardiac
enzyme response in the THS-treated patients during
the early recovery period post-CPB, suggesting an
association between THS administration and
decreased myocardial stress. We also found that the
inotropic support time was shorter in the experiment
group than in the control group.

Some surgeons have practiced the use of THS during
CPB, yet it is not universally adopted due to the
additional time it requires, which can increase aortic
cross-clamp and CPB durations. This is significant as
prolonged CPB time has been directly linked to

patient mortality, as reported in a study.l® Cardiac
surgeons are continually striving to minimize these
time durations to reduce potential adverse effects. In
the present study, we aimed to deliver THS
efficiently, ensuring effective myocardial distribution
while minimizing the increases in cross-clamp and
CPB time, which could be especially beneficial in
procedures requiring extended CPB.! Enhanced
myocardial recovery using THS may also mitigate
risks of acute kidney injury, as prolonged CPB has
been associated with acute kidney injury in extensive
thoracic aorta surgeries, and an improved myocardial
protection may positively impact renal function.'?

The main finding of this study was the lower Tnl
levels in the group in which THS cardioplegia was
used than the control group. Tnl is widely recognized
as a sensitive marker of intraoperative myocardial
injury. The Tnl increases in all patients after cardiac
surgery. This fact shows the inevitable myocardial
damage caused by myocardial arrest. Nanni et al
showed that a rise in Tnl post-surgery is directly
related to more than 10% decrease in LVEF.2 Any
maneuver which keeps a low Tnl level
postoperatively should be employed. Using THS
cardioplegia, we can keep the postoperative Tnl
levels under control, not just in the immediate
postoperative period but also over a longer period of
five days. Both these values were significantly lower
in the experiment group than the control group.
Similar trend in Tnl was observed in a previous study
on CABG patients by Ji et al. where its levels were
found to be lower in the group subjected to warm
induction and reperfusion blood cardioplegia than in
the group of simple warm induction with no
reperfusion.® They used warm blood cardioplegia for
induction unlike our utilization of the cold blood
cardioplegia. The warm and cold blood cardioplegia,
both have shown low incidences of death,
perioperative myocardial infarction, and the need of
intra-aortic balloon pump support. Still, warm blood
cardioplegia (37°C) protects from the deleterious
effects of the hypothermic ischemia and minimizes
reperfusion injury which could contribute to a
decrease in Tnl.}41518 |n another study, the THS
temperature was 20°C initially and subsequently
rewarmed to 35°C at the end of reperfusion which
lasted almost 06 minutes.”” THS cardioplegia
administration via grafts saphenous vein was not
performed, however, THS used in the present study
was at 37°C constant temperature and was infused in
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05 minutes via both the grafted saphenous veins and
aortic root.

Karaarslan et al. in his retrospective observational
study performed on CABG patients, showed a
decrease in Troponin levels in the group receiving
THS although not a statistically significant result.?
Similar results were obtained by Caputo et al. in
which 35 patients undergoing CABG with a LVEF
>50% were randomized into two groups, a control
and a THS group, and their cumulative mean Tnl
release over a period of 48 hours was calculated. No
significant difference was found between the two
groups. They only infused THS in the aortic root and
no volume was administered via the saphenous vein
grafts.®

The studies done on valvular cardiac surgery were
even less promising in terms of Tnl release when
compared between a THS and a non THS groups.® In
one of the studies, 70 patients who underwent first
time elective valvular surgery had their total amount
of cardiac troponin | measured. There was no
significant difference in Tnl levels between the group
receiving THS and the control group.’” In another
study, the levels of Tnl at 6 hours postoperatively
were 0.57 ng/ml in the THS group and 0.74 ng/ml in
the non-THS group with no significant difference.®
The role of THS in congenital cardiac surgery in
patients who underwent complex repair in terms of
Tnl release has also not been significant.2*% In light
of the above, the effect of THS is more profound in
ischemic cardiac surgeries.

In this study, CK-MB levels were found to be lower
in the experiment group compared to the control
group at both the first and fifth postoperative days.
Similar trends were observed in a meta-analysis by
Zhou et al., which highlighted significantly lower
CK-MB levels in THS groups post-operatively.?
Though CK-MB is less specific to myocardial injury,
its levels are considered an adjunct marker in cardiac
recovery.

In this study, CK-MB levels were found to be lower
in the experiment group than in the control group on
both the first and fifth postoperative days. Similar
trends were observed in a meta-analysis by Zhou et
al., which highlighted significantly lower CK-MB
levels in THS groups post-operatively.?* Though CK-
MB is less specific to myocardial injury, its levels are
considered an adjunct marker in cardiac recovery.

Our study showed no significant difference in the
time required for the spontaneous return of cardiac
activity between the experiment group and the
control group. Another study showed that it may be
positively influenced by THS.? In a study done in
Pakistan in 2012, spontaneous return of cardiac
activity, being the primary variable, was seen in less
time in the THS group as compared to the non-THS
group. %

The cumulative data to-date underscores that slow
myocardial recovery following ischemic injury
contributes significantly to morbidity and mortality.
THS provides a straightforward, accessible means of
enhancing myocardial recovery post-ischemic insult,
especially in ischemic cardiac surgeries, and shows
promise in preserving both myocardial and renal
function by limiting cardiac enzyme release and
enhancing recovery markers.

CONCLUSION

Terminal ‘hot shot’ cardioplegia administration
decreases Troponin | levels and enhances myocardial
recovery. It assists in reducing the duration of
inotropic support required postoperatively. With
further workup, it can be one of the fundamental
strategies in myocardial tissue preservation during
coronary artery bypass grafting.

Limitations of the study

The sample size in the present study was small.
Multiport cardioplegia administration was not
available, due to which all territories grafted did not
receive hot shots simultaneously, leading to
prolonged aortic cross-clamp and CPB time.

Future Recommendations

Studies with large sample size over a prolonged
period and with myocardial biopsies taken are needed
to determine further uses and implications of THS.
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