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Abstract

Background: Minimizing ischemic-reperfusion injury following valvular heart surgeries is very important with the goal of provid-
ing appropriate cardiac systolic function, preventing arrhythmic events as well as inhibiting ischemic related processes. Due to the
protective effects of adenosine, this chemical has been used as an additive to a cardioplegic solution for achieving this purpose.
Objectives: The present study aimed to assess the effects of cold blood cardioplegia with adenosine on hemodynamic status of
patients undergoing mitral valve surgery.
Methods: This randomized single-blinded clinical trial was performed on 40 consecutive patients who were candidates for mitral
valve surgery. The patients were randomly assigned to receive cold blood cardioplegia in combination with or without adenosine
or hyperkalemic cardioplegia as the control. Primary endpoints were returning sinus rhythm, requiring inotropes after cardiopul-
monary bypass and secondary endpoints were the change in hemodynamic parameters and postoperative complications.
Results: Except for mean time required for induction of cardiac arrest that was significantly shorter in intervention group, no
differences were found between the two groups regarding cardiopulmonary bypass time, cross clamp duration, and rhythm return
time. In assessment of postoperative consequences, there were no differences in post-procedural events with respect to returning
sinus rhythm, requiring inotropes, requiring DC shock, mean intubation time, length of ICU stay and also left ventricular systolic
function.
Conclusions: Except for reducing the time for inducing cardiac arrest within mitral valve surgery, adding adenosine to cold blood
cardioplegia may not be beneficial regarding the improvement of postoperative outcome.
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1. Background

Patients after heart valve surgery are at risk of multi-
ple problems, such as atrial fibrillation, bleeding, throm-
bosis, respiratory complications and digestive complica-
tions, leading to death and potential complications. One
of the most important cardiovascular disorders leading
to death can be referred to the phenomenon of ischemic-
reperfusion event (1). Cardiac ischemia leads to complex
complications such as myocardial arrhythmias and conse-
quently congestive heart failure. The ischemia-reperfusion
phenomenon in myocardium will irreparably lead to is-
chemic injury by activating pathological inflammatory
processes and apoptosis resulting in tissue death through

inducing excessive production of free radicals and oxida-
tive stress (2, 3). In fact, due to damage caused by free radi-
cal production and active oxygen species during ischemic
rejection of perfusion and non-compliance with the an-
tioxidant system of the muscular tissue of the heart, my-
ocardium will always be exposed to necrosis and apopto-
sis.

Ischemia-reperfusion injury is known as one of the
most important clinical problems. For these reasons, re-
searchers have been focusing on protecting and prevent-
ing damage from ischemic-reperfusion injury over recent
years (4). On the other hand, for cardiac surgery, stopping
heart movement is needed to provide a relaxed and blood-
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less environment for the action required by a solution
called cardioplegia (5). During the surgery, oxygenating
the bloodstream in the rest of the body is supplied by car-
diopulmonary bypass. The heart muscle itself is exhausted
through the bypass of the circulatory system and lacks
blood flow. Therefore, there is a possibility of serious and
sometimes irreversible damage in this situation. It may
even be accompanied by metabolic acidosis in the heart’s
ischemia, lowering blood pressure and reducing cardiac
output (6). But despite the inactivity of the heart by inject-
ing a cardioplegic solution, energy consumption and heart
oxygenation never go down to zero. Therefore, as a result
of ischemia and accumulation of metabolic waste, there
is considerably lower possibility of cellular damage. Since
the protective effect of the cardiopulmonary solution on
the heart is limited, it is necessary to repeatedly inject it
at specific intervals. The most basic principle during heart
surgery is to maintain cardiac function by preventing car-
diac ischemia as no cardiopulmonary approach to protect-
ing the entire heart from myocardial damage against is-
chemic damage has been demonstrated. The results of the
studies show that cardioplegic solutions containing high
potassium concentrations may cause damage to myocar-
dial cells (7). However, the results of some studies indi-
cate that the use of solutions containing normal potas-
sium concentration such as adenosine, magnesium and li-
docaine can play an important role in the better protection
of the cardiac myocardium and, consequently, improve
cardiac function during ischemia and reperfusion of blood
circulation (5, 8). Among the cases mentioned, adeno-
sine by induction of vascular dilatation plays an impor-
tant role in reducing the inflammatory response caused
by reperfusion-injury with intermediate receptor mecha-
nisms (9). Adenosine regulates response to an imbalance
between supply and demand for myocardial oxygen dur-
ing induction of ischemia (10). In other words, adenosine
increases energy supply to the heart’s myocardial tissue.
Several studies in animals have shown the effectiveness of
protecting the heart through adenosine as part of the car-
dioplegia method (11). Using a cold blood cardioplegia can
increase the level of cardiac protection during surgery (12).
Due to the protective effects of adenosine, this chemical
has been used as an additive to a cardioplegic solution for
more than two decades. Although there are several stud-
ies that report improving cardiac function with adenosine
supplementation during the course of ischemic heart dis-
ease, some others could not demonstrate such significant
effects.

2. Objectives

The present study aimed to assess the effects of cold
blood cardioplegia with adenosine on hemodynamic sta-
tus of patients undergoing mitral valve surgery.

3. Methods

This randomized single-blinded clinical trial was per-
formed on 40 consecutive patients who were candidates
for mitral valve surgeries at Rajaie Cardiovascular Medi-
cal and Research Center in Tehran in 2018. All eligible pa-
tients aged 30 to 65 years, had willingness for participa-
tion in the study and filled the written informed consent
to take part in the study. The exclusion criteria were pa-
tients with aortic valve and/or pulmonic valve problems,
any evidence of coronary artery disease, liver or renal in-
sufficiencies, pulmonary disorders, asthma, history of car-
diac surgery, left ventricular ejection fraction less than 30%,
or history of adenosine hypersensitivity. Before transfer-
ring to surgery room and using a random table number,
the patients were randomly assigned into two groups as
the intervention group and the control group. Before be-
ginning the operation and after inducing anesthesia and
medial sternotomy, heparin was used to increase coagu-
lation time. After connecting to cardiopulmonary pump,
cold blood cardioplegia consisted of 1 liter of plasmalyte
solution (containing 140 mEq/L sodium, 3 mEq/L magne-
sium, 5 mEq/L potassium, 27 mEq/L acetate, 98 mEq/L chlo-
ride and 23 mEq/L gluconate with a pH of 7.4) in addition
to adenosine (2 mmol) were infused in the intervention
group and hyperkalemic cardioplegia group was infused
for the control and case group. During operation, moder-
ate hypothermia status (temperature of 28ºC) was induced
and blood pressure was maintained at the range of 50 to
80 mmHg. Hemodynamic parameters were assessed be-
fore, as well as 15 min, 6 hours and 24 hours after cardiopul-
monary bypass. In addition, the time for reversing car-
diac rhythm, the length of stay in hospital and amount
of inotrope use was also assessed in both groups. The lev-
els of serum potassium, calcium, cardiac troponin T, high-
sensitive CRP, lactate, and bicarbonate were also measured
in both groups 24 and 48 hours after surgery.

The results were demonstrated as mean± standard de-
viation (SD) for quantitative variables and were summed
up by percentages and absolute frequencies for categori-
cal variables. The Kolmogorov-Smirnoff test was used to
analyze data normality. In case over 20% of cells with ex-
pected count of less than 5 were observed, chi-square test
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or Fisher’s exact test were used to compare categorical vari-
ables. T-test, or Mann-Whitney U test were also used to com-
pare quantitative variables. SPSS version 16.0 for windows
(SPSS Inc., Chicago, IL) was used for statistical analysis. P
values of < 0.05 were considered statistically significant.

4. Results

Totally, 20 patients were scheduled for infusion of cold
blood cardioplegia combined with adenosine and 20 for
infusing only hyperkalemic cardioplegia as the control.
The two groups were similar in terms of baseline variables
including average age, gender, mean weight, baseline sys-
tolic function status, as well as hemodynamic parameters
(Table 1). Assessing the trend of the change in hemody-
namic parameters (heart rate and mean blood pressure) as
well as serum biomarkers (electrolytes, and blood gas anal-
ysis) showed no significant difference within 48 hours af-
ter operation (Table 2). Intra-operatively, except for mean
time required for induction of cardiac arrest that was
significantly shorter in intervention group, no difference
was found between the two groups regarding cardiopul-
monary bypass time, cross clamp duration, and rhythm re-
turn time (Table 3). Also, in assessment of postoperative
consequences, there was no difference in post-procedural
events with respect to returning sinus rhythm, requiring
balloon pump insertion, requiring DC shock, mean intu-
bation time, length of ICU stay and also left ventricular sys-
tolic function (Table 3). No cases of myocardial infarction,
cardiac arrhythmias such as atrial fibrillation, pace maker
insertion, abnormal ECG changes, or death were occurred.

5. Discussion

Minimizing ischemic-reperfusion injury following
valvular heart surgeries is very important with the goal
of providing appropriate cardiac systolic function, pre-
venting arrhythmic events as well as inhibiting ischemic
related processes. In this regard, the use of adenosine has
multi-potential role in the prevention of cardiac adverse
events by induction of vascular dilatation, reduction of the
inflammatory responses and thus protection of cardiac
tissue during surgical intervention. However, such effects
have not been demonstrated in some studies that might
be due to the drug dosages, type of surgical intervention,
study power and employing small sample sizes, inclusion
and exclusion criteria, and also simultaneous medications
considered. As shown in our study, we could not demon-
strate beneficial effects of intraoperative adenosine use

Table 1. Comparing Baseline and Intraoperative Characteristics Between Interven-
tion and Control Groups

Item Adenosine
Group (N = 20)

Control Group
(N = 20)

P
Value

Male gender, No. (%) 8 (40.0) 8 (40.0) 1.000

Mean age, y 48.55 ± 16.13 48.65 ± 13.21 0.925

Mean weight, kg 71.65 ± 16.26 74.30 ± 13.04 0.678

Mean LVEF, % 51.00 ± 5.52 48.75 ± 9.16 0.583

Heart rate, /min 82.87 ± 23.53 81.85 ± 17.87 0.231

Mean arterial
pressure, mmHg

67.95 ± 8.40 71.35 ± 14.62 0.583

HS-CRP 2.72 ± 1.40 2.76 ± 1.55 0.968

CTNI 3.27 ± 6.13 3.16 ± 6.10 0.968

Serum potassium,
mmol/L

3.68 ± 0.57 3.69 ± 0.55 0.999

Serum calcium,
mg/dL

8.89 ± 1.30 8.42 ± 1.23 0.242

Serum bicarbonate,
mEq/L

24.21 ± 4.92 22.90 ± 4.36 0.398

Serum lactate, mg/dl 1.23 ± 0.67 1.12 ± 0.56 0.640

Abbreviatins: CTNI, cardiac troponin I; HS-CRP, high sensitive C-reactive protein

combined with cold blood cardioplegia as compared to
hyperkalemic cardioplegia alone on postoperative status.
In other words, the use of cardioplegia solutions with
and without adenosine may lead to similar postoperative
outcome regarding mortality and morbidity. However, we
found that only the time required for inducing cardiac ar-
rest during cardioplegia infusion was few seconds shorter
when using adenosine that seems not to clinically affect
postoperative outcome. Thus, despite demonstrating
clinical benefits of adenosine to prevent cardiac ischemic
injuries, due to the probability of drug-related adverse
events, adenosine may not be used in patients candidate
for valvular procedures, however our low study power
because of small sample size and considering minimum
dose of drug as a supportive, emphasizes further studies
to prove or reject of our initial hypotheses.

Similar to our study, Ahlsson et al. in 2012 demon-
strated that a combination of cold blood cardioplegia and
adenosine 400 µmol/L showed no cardioprotective effects
with regard to oxygen myocardial metabolism, lactate and
adenine nucleotides, hemodynamic performance or post-
operative enzyme release (13). No differences were found in
two other large studies of pre-ischemic delivery of adeno-
sine in either clinical performance or cardiac enzymatic re-
lease (14, 15). Contrarily, Jin et al. in the study of assess-
ing post-ischaemic effects of adenosine showed that 0.3 -
0.5 mM of adenosine intraarterial injection at cross clamp

Multidiscip Cardio Annal. 2020; 11(1):e96919. 3

http://multicardia.com


Ghasemi F et al.

Table 2. Comparing the Trend of the Change in Hemodynamic Parameters Between Intervention and Control Groups

Item Adenosine Group (N = 20) Control Group (N = 20) P Value

Heart rate, /min

Baseline 82.87 ± 23.53 81.85 ± 17.87 0.231

6 hours later 86.40 ± 19.29 88.45 ± 27.01 0.134

24 hours later 80.00 ± 9.34 82.55 ± 11.95 0.602

Mean arterial pressure, mmHg

Baseline 67.95 ± 8.40 71.35 ± 14.62 0.583

15 min later 63.55 ± 7.93 67.10 ± 12.28 0.211

6 hours later 66.35 ± 6.74 70.00 ± 11.78 0.529

24 hours later 65.70 ± 5.16 68.40 ± 8.16 0.718

HS-CRP

Baseline 2.72 ± 1.40 2.76 ± 1.55 0.968

6 hours later 12.21 ± 6.09 10.31 ± 5.41 0.369

24 hours later 11.37 ± 5.57 10.14 ± 6.54 0.461

48 hours later 8.46 ± 5.10 8.32 ± 5.61 0.883

CTNI

Baseline 3.27 ± 6.13 3.16 ± 6.10 0.968

6 hours later 8.41 ± 4.84 10.16 ± 6.48 0.327

24 hours later 8.41 ± 5.44 8.98 ± 6.49 0.758

48 hours later 5.03 ± 4.51 7.15 ± 5.67 0.242

Serum potassium, mmol/L

Baseline 3.68 ± 0.57 3.69 ± 0.55 0.999

6 hours later 4.25 ± 0.34 4.27 ± 0.47 0.925

24 hours later 4.03 ± 0.45 4.11 ± 0.39 0.529

48 hours later 4.06 ± 0.38 4.17 ± 0.44 0.383

Serum calcium, mg/dL

Baseline 8.89 ± 1.30 8.42 ± 1.23 0.242

6 hours later 8.59 ± 1.11 8.22 ± 1.00 0.301

24 hours later 8.38 ± 1.03 7.99 ± 0.84 0.157

48 hours later 7.62 ± 0.51 7.32 ± 1.44 0.461

Serum bicarbonate, mEq/L

Baseline 24.21 ± 4.92 22.90 ± 4.36 0.398

6 hours later 19.71 ± 5.52 20.55 ± 3.68 0.989

24 hours later 22.26 ± 3.43 21.75 ± 3.21 0.565

48 hours later 22.97 ± 4.54 20.85 ± 5.26 0.414

Serum lactate, mg/dL

Baseline 1.23 ± 0.67 1.12 ± 0.56 0.640

6 hours later 2.05 ± 1.01 1.85 ± 1.25 0.289

24 hours later 1.61 ± 0.61 1.66 ± 1.64 0.127

48 hours later 1.05 ± 0.30 1.09 ± 0.71 0.314

Abbreviatins: CTNI, cardiac troponin I; HS-CRP, high sensitive C-reactive protein
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Table 3. Comparing Intraoperative and Postoperative Outcome Between Intervention and Control Groups

Item Adenosine Group (N = 20) Control Group (N = 20) P Value

CPB time, min 76.75 ± 23.84 73.35 ± 26.47 0.495

Cross clamp time, min 47.95 ± 17.50 42.50 ± 15.67 0.383

Arrest induction time, Sec 11.65 ± 3.77 25.80 ± 23.46 0.001

Rhythm return time, Sec 143.50 ± 189.75 94.40 ± 63.49 0.529

Need for mitral valve repair, % 7 (30.0) 8 (40.0) 0.744

Post declamping rhythm, % 0.545

VF 4 (20.0) 2 (10.0)

VT 2 (10.0) 1 (5.0)

Sinus rhythm 14 (70.0) 17 (85.0)

Antiarrhythmic drug use, % 4 (20.0) 2 (10.0) 0.661

DC shock, % 6 (30.0) 2 (10.0) 0.235

Balloon pump insertion, % 0 (0.0) 1 (5.0) 0.999

Intubation time, min 504.50 ± 157.56 483.00 ± 210.99 0.678

Length of ICU stay, d 2.25 ± 0.85 2.55 ± 0.60 0.157

Postoperative EF, % 49.75 ± 5.95 48.50 ± 9.04 0.820

removal was associated with decreased need for postop-
erative inotropic support and a lower troponin-I release
(16). Similarly, Liu et al. could show that in comparison
with simple cold blood cardioplegia in patients who need
heart valve replacement, ADO pretreatment as a supple-
ment to 1 mmol/L cold blood cardioplegia could reduce tro-
ponin I as well as inflammatory biomarkers, resulting in
reduced myocardial injury in ultrastructure after surgery
(17). Jin et al. also revealed that an adenosine (1.5-mg/kg bo-
lus) post-conditioning in addition to high potassium cold
blood myocardial protection resulted in lower troponin-I
release, shorter ICU stay, and less inotropic drug use (16).
The dose-dependence of adenosine beneficial cardiac ef-
fects has been also indicated in a study by Mentzer et al. so
that in comparison with those receiving intermediate or
high dose treatments, 100 microM adenosine groups had
a lower ejection fraction (18). In other words, to achieve
benefits of adenosine, considering its optimal doses is nec-
essary to attenuate myocardial stunning in valvular heart
disease patients.

5.1. Conclusions

Adding adenosine to cold blood cardioplegia seems to
have no significant role in the improvement of postopera-
tive outcome of mitral valve replacement; however it could
reduce the time required for inducing cardiac arrest for a
few seconds which does not seem to have any clinical sig-
nificance.

5.2. Limitations

Regarding the short time of aortic cross clamp times
(48 min in adenosine and 43 min in control groups) in our
study we fund (an expected) low levels of postoperative HS-
CRP and CTNI in both study groups and unable to show
statistically different results. However, favorite effects of
adding adenosine to cardioplegia solution could be more
detectible in multi-valve operations and prolonged CPB
time; so more investigation in complex cardiac surgery in
suggested.
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