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High-dose adenosine versus saline-induced 
cardioplegic arrest in coronary artery bypass 
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Abstract
Background and objective: In this clinical trial, we evaluated if a short-acting nucleoside, 
adenosine, as a high-dose bolus injection with blood cardioplegia induces faster arrest and provides 
better myocardial performance in patients after bypass surgery for coronary artery disease.
Methods: Forty-three patients scheduled for elective or urgent coronary artery bypass grafting 
were prospectively recruited in two-arm 1:1 randomized parallel groups to either receive 20 mg of 
adenosine (in 21 patients) or saline (in 22 patients) into the aortic root during the first potassium-
enriched blood cardioplegia infusion. The main outcomes of the study were ventricular myocardial 
performance measured with cardiac index, right ventricular stroke work index, and left ventricular 
stroke work index at predefined time points and time to asystole after a single bolus injection 
of adenosine. Conventional myocardial biomarkers were compared between the two groups at 
predefined time points as secondary endpoints. Electrocardiographic data and other ad hoc clinical 
outcomes were compared between the groups.
Results: Compared with saline, adenosine reduced the time to asystole (68 (95% confidence 
interval (95% CI) = 37–100) versus 150 (95% CI = 100–210) seconds, p = 0.005). With myocardial 
performance, the results were inconclusive, since right ventricular stroke work index recovered 
better in the adenosine group (p = 0.008), but there were no significant overall differences in cardiac 
index and left ventricular stroke work index between the groups. Only the post-cardiopulmonary 
bypass cardiac index was better in the adenosine group (2.3 (95% CI = 2.2–2.5) versus 2.1 (95% 
CI = 1.9–2.2) L/min/m2, p = 0.016). There were no significant differences between the groups in 
cardiac biomarker values.
Conclusions: A high dose adenosine bolus at the beginning of the first cardioplegia infusion 
resulted in significantly faster asystole in coronary artery bypass grafting patients but enhanced 
only partially the ventricular performance.
EudraCT number: 2014-001382-26. https://www.clinicaltrialsregister.eu/ctr-search/trial/2014-001382- 
26/FI
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Context and relevance

Fast termination of contractions is essential for preservation 
of myocardial performance during cardiac surgery. Only few 
studies have tried to explore this in depth in atherosclerotic 
hearts. In this randomized feasibility trial, we could show that 
with a high enough (20 mg) single dose of adenosine, a faster 
induction of asystole was achieved, and combined with 
potassium-enriched blood cardioplegia, it provided signifi-
cantly better myocardial function in the postoperative right 
ventricle in coronary artery bypass grafting (CABG). 
However, it did improve cardiac index (CI) or left ventricular 
stroke work index (LVSWI) only in the immediate recovery. 
This study emphasizes the importance of fast cessation of 
myocardial work in protection of the myocardium, especially 
in the right ventricle.

Introduction

Fast induction of cardiac arrest with potassium-enriched 
blood cardioplegia could be beneficial for the oxygen con-
sumption of ischemia-prone hearts. Adenosine, a nucleoside 
compound, has been shown to produce fast cessation of ven-
tricular contractions, but information regarding the efficacy 
of adenosine added to initial blood cardioplegia to assist in 
stopping the heart in coronary artery bypass surgery rests 
mainly in findings derived from a single study1 in which a 
smaller adenosine bolus of 3 mg with a limited hemodynamic 
follow-up was used. Findings of other studies with adenosine 
in crystalloid cardioplegia indicate higher postoperative car-
diac index (CI) and reduced need for inotropes after coronary 
artery bypass grafting (CABG) and a lower release of tro-
ponin I after valve surgery and CABG.2,3 In addition to an 
improved CI, Chauhan et al. observed lower creatine kinase 
MB (CK-MB) subunit values in CABG patients who received 
an adenosine bolus and crystalloid cardioplegia to the aortic 
root after aortic cross-clamping.4In their open randomized 
controlled trial, Maddali et al. witnessed initially higher CI, 
stroke volume, and stroke index as well as earlier recovery of 
sinus rhythm in patients receiving a 3 mg adenosine bolus to 
the aortic root just before the first cardioplegia.1 Interestingly, 
when administered continuously during blood cardioplegia, 
adenosine did not enhance cardioprotection in aortic valve 
replacement patients, as evaluated by myocardial enzyme 
release, adenine nucleotide, and oxygen/lactate metabolism 
or hemodynamic performance.5 The effects of adenosine may 
derive also from the shorter times to asystole, which have 
been recorded when adenosine was given at cardioplegic 
induction.1–6 To the best of our knowledge, only five rand-
omized trials1,3,4,7,8 have been performed to study the effects 
of adenosine bolus at the beginning of the first cardioplegia in 
CABG patients, but in only two series, blood cardioplegia 
was used in both groups.1,7,8 In these reports, only Maddali 
et al.1 measured the time to asystole after adenosine bolus, 
but their open study did not use placebo.

The present randomized placebo-controlled study aimed 
to investigate whether a 20 mg adenosine bolus into the aortic 
root at the beginning of the first cardioplegia infusion could 
provide a faster cardiac arrest and higher level of myocardial 
protection, as measured directly during surgery and in the 
early postoperative phase.

Methods

Hypothesis

Based on previous findings, we hypothesized that intra-aortic 
adenosine bolus at the beginning of the first potassium-
enriched blood cardioplegia infusion could improve myocar-
dial protection and induce faster cardiac arrest. A rapid 
cessation of myocardial work and the vasodilative properties 
of adenosine could result in more effective cardioplegia dis-
tribution into the myocardium in diastolic arrest and thus pro-
vide better preservation of the myocardial function.

Trial design

A randomized, double-blind, placebo-controlled superiority 
clinical feasibility trial was carried out in the Heart Hospital, 
Tampere University Hospital, Tampere, Finland, a tertiary 
referral center, between November 2015 and March 2018. 
The study protocol was inspected and approved by the 
National Committee of Medical Research Ethics and by the 
Tampere University Hospital Ethics Committee (license 
number ETLR14065M) and was reviewed by the Finnish 
Medicines Agency. The study was registered in the European 
Union Drug Regulating Authorities Clinical Trials Database 
(EudraCT number 2014-001382-26) before initiation and 
patient enrolment. All enrolled patients gave written informed 
consent for participation in the study. The ethical principles 
of the 1964 Declaration of Helsinki were followed.

Patients

The inclusion criterion was elective or urgent on-pump CABG 
for coronary artery disease with no additional cardiac proce-
dures. The exclusion criteria were prior heart surgery, preopera-
tive ejection fraction below 40%, severe renal impairment, 
implanted cardiac pacemaker, severe aortic regurgitation, a criti-
cal medical condition, and inability to use antegrade cardiople-
gia. All study procedures were programmed on elective basis 
and were performed in the morning (anesthesia preparations 
starting at 7:45 a.m. and the surgical procedure approximately at 
8:45 a.m.). The CONSORT flow diagram is attached as Fig. 1.

Randomization

The patients enrolled by the research group were randomized 
into two arms (1:1 to the adenosine and control groups) 
using an unblocked randomization scheme for 43 patients. 
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Randomization was based on computer-generated digits. 
Sealed non-transparent envelopes containing the study group 
information were produced by the research administrator, 
who was not involved in patient selection or the operation. 
This information was viewed only by a surgical nurse, who 
then prepared the study medication in an unlabeled syringe 
and delivered it to the scrub nurse to be used after aortic 
cross-clamping. The surgical and anesthesiologic teams 
were blinded to the study group information.

Interventions

All patients underwent the CABG operation with no addi-
tional cardiac procedures. The operations were performed 

through a midline sternotomy using cardiopulmonary bypass 
(CPB). The locations of anastomoses and the number and 
type of grafts were at the surgeon’s preference. Distal anasto-
moses were constructed first, and proximal anastomoses last 
before the de-clamping of the aorta. The left internal thoracic 
artery was used in situ. The anesthesia and CPB protocols are 
explained in Supplement 1.

All patients received cold potassium-enriched blood 
cardioplegia. The initial dose was 1200 mL to the aortic 
root, followed by doses of 300 mL after each completed 
coronary anastomosis. The volume of the final warm car-
dioplegia infusion was 600 mL. The characteristics of 
blood cardioplegia in the study groups are presented in 
Supplement 2.

Assessed for eligibility (n=48)

Excluded  (n=5)
� Not meeting inclusion criteria (n=0)
� Declined to participate (n=5)
� Other reasons (n=0)

Analysed  (n=21)
� Excluded from analysis (give reasons) (n=0)

Lost to follow-up (give reasons) (n=0)

Discontinued intervention (give reasons) (n=0)

Allocated to adenosine group (n=21)
� Received allocated intervention (n=21)
� Did not receive allocated intervention (give 

reasons) (n=0)

Lost to follow-up (give reasons) (n=0)

Discontinued intervention (give reasons) (n=0)

Allocated to control group (n=22)
� Received allocated intervention (n=22)
� Did not receive allocated intervention (give 

reasons) (n=0)

Analysed  (n=22)
� Excluded from analysis (give reasons) (n=0)

Allocation

Analysis

Follow-Up

Randomized (n=43)

Enrollment

All elective and urgent CABG 
patients during study period

(n=297)

Excluded  (n=249)
� Only patients arriving on 

predetermined study days were 
assessed for eligibility

� Only one operating room had direct 
ECG-data recording

� Study personnel was limited

Fig. 1. The CONSORT flow diagram.
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In the adenosine group, 4 mL (20 mg) of adenosine 
(Adenosin Life Medical 5 mg/mL, Life Medical Sweden AB, 
Stockholm, Sweden) was injected into the aortic root by the 
operating surgeon after cross-clamping of the ascending aorta 
at the beginning of the first antegrade cardioplegia infusion. 
The dosage was based on our earlier studies.7,8 In the control 
group, 4 mL of saline (Natriumchlorid Braun 9 mg/mL, B. 
Braun Melsungen AG, Melsungen, Germany) was injected at 
the same time point in a similar fashion. Blood cardioplegia 
infusion started immediately after cross-clamp placement to 
fill the aortic root, and either adenosine or saline was injected 
into the aortic root cardioplegia cannula in 5 s.

Arterial blood samples were collected from the radial can-
nula before the surgical incision, 15 min after the de-clamping 
of the aorta, at 7 p.m. and at 6 a.m. on the first postoperative 
morning in the intensive care unit (ICU). Plasma concentra-
tions of CK, CK-MB, and Troponin T (TnT) were measured 
from these samples. After anesthesia induction, a Swan-Ganz 
thermodilution catheter was inserted into the pulmonary 
artery, and hemodynamic measurements were recorded before 
incision, immediately after weaning from CPB in a stabile 
phase, at 7 p.m. and at 6 a.m. on the first postoperative morn-
ing in the ICU. Careful optimization of the hemodynamic sta-
tus was achieved using institutional hemodynamic care 
guidelines in the operating room and in the ICU. CI at least 
1.8 L/min/m2 and blood lactate < 1.7 mmol/L were the goal of 
treatment. Inotropic medication was used only after the tar-
geted values for preloading the heart (central venous pressure 
(CVP) = 10–15 mmHg, pulmonary capillary wedge pres-
sure = 12–18 mmHg) and for hematocrit > 0.25 were achieved.

A laptop computer was used to record the patients’ electro-
cardiogram (ECG) for the duration of the operation with the 
Datex Ohmeda S5 Collect software (Datex-Ohmeda, Inc., 
Madison, WI, USA). The time to the first asystole was meas-
ured from the study medicine injection to cardiac standstill. 
The first asystole was defined as the cessation of the electri-
cal activity of the heart for 10 s. A restart of cardiac activity 
was defined as the return of any myocardial activity within 
1 min of cessation. Asystole was defined as a state where the 
first asystole remained for more than 1 min or, in the case of 
a restart, the second asystole remained for more than 30 s. 
The classification of cardiac rhythm after aortic declamping 
was as follows: (1) supraventricular (sinus rhythm, atrial 
fibrillation, and junctional rhythm with narrow QRS com-
plexes (QRS deflections in the ECG)), (2) ventricular (broad 
QRS and no atrial activity), and (3) bradyarrhythmia (pace-
maker rhythm and grade III atrioventricular block).

Study outcomes

The main objective of the trial was to compare cessation of 
the myocardial contractions and to evaluate myocardial func-
tion between the study groups. The predefined primary out-
comes were the time to cardioplegic asystole and the 
difference in ventricular cardiac performance (as measured 

with CI, left ventricular stroke work index (LVSWI) and right 
ventricular stroke work index (RVSWI)). The secondary pre-
defined outcomes were plasma concentrations of cardiac bio-
markers such as creatine kinase (CK), CK-MB, and TnT. As 
post hoc outcomes, we compared clinical outcomes, intraop-
erative ECG data, additional hemodynamic measurements, 
and adverse outcomes between the study groups.

Statistical methods

Sample size was evaluated prior to the study with the 
expected superiority difference in CI of 0.25 L/min/m2 (with 
two-sided standard deviations (SD) of 0.25) at the earliest 
time point after baseline (i.e., post-CPB CI) and for a 15-s 
difference in the cessation of myocardial contractions (with 
two-sided SD of 15 s). These calculations resulted in 16 
patients (for CI) and 9 patients (in cessation of contractions) 
required for each study group. Taking possible dropout into 
account, we decided to randomize a minimum of 20 patients 
to each study group. Actual mean values with SD observed 
in our previous investigations were used for sample size cal-
culation. We aimed at a type I error level of .05 and the 
desired power of .80. Statistical analyses were performed 
comparing normally distributed continuous variables with 
the independent samples t test, and the Mann–Whitney U 
test was applied for non-normally distributed continuous 
variables. Categorical variables were compared using 
Fisher’s exact test or Pearson’s chi-square test. Two-way 
repeated-measures analysis of variance (ANOVA) was used 
for comparing continuous variables of hemodynamic param-
eters and serial blood samples between the groups at multi-
ple time points. Greenhouse–Geisser correction was used for 
non-sphericity, and Bonferroni correction was used for mul-
tiple testing. A p value of less than 0.05 was considered sig-
nificant. The 95% confidence interval (95% CI) was used as 
an indicator of variation. Statistical analysis was performed 
using SPSS software (IBM Corp. Released 2017. IBM 
Statistics for Macintosh, Version 25.0. Armonk, NY: IBM 
Corp.). Statistical analysis plan is attached as Supplement 3.

Results

During the study period, 297 elective and urgent CABG 
patients were operated in our unit, from which we included 48 
into the study according to inclusion and exclusion criteria. 
We could schedule study patients irregularly depending on the 
availability of study personnel and limitation of single operat-
ing room equipped with technology for continuous ECG 
tracking and saving. Therefore, only 48 patients scheduled for 
pre-determined study days were assessed for eligibility, thus 
prolonging the study data collection period. Patients eligible 
to the study were given the first available study operation date. 
No other selection occurred if patient gave an informed con-
sent to participate. Allocating patients to operating rooms was 
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done by an administrative surgeon, who was not involved in 
the study, and when research staff was available, patients were 
assessed for eligibility. Five patients declined to participate. 
Total of 43 patients were randomized to study groups, and 
none of them withdrew their consent. All 43 patients com-
pleted their allocated treatment with no crossover between the 
groups. All patients were included in the analysis until the end 
of the trial time on the first postoperative morning. The trial 
inclusion ended when all the intended patients had been oper-
ated and the data had been obtained. To test our study popula-
tion’s representativeness of the remaining 254 operated 
patients, we compared their characteristics and outcomes in 
Supplementary Table 1. There were no statistically significant 
differences in preoperative characteristics between the study 
groups (Table 1). No patient had aortic regurgitation classified 
as moderate.

Adenosine treatment had no statistically significant over-
all effect on CI; although in time-related pairwise assess-
ments corrected for the multiple comparisons, CI was 
statistically significantly higher immediately after CPB in the 
adenosine group. Primary outcome hemodynamic measure-
ments of CI, RVSWI, and LVSWI are presented in Table 2.

The time to asystole was significantly faster in the adeno-
sine group (68 s (95% CI = 37–100) versus 150 s (95% 
CI = 100–201), p = 0.005) although there was a high restart 
rate in the adenosine group (13 (62%) versus 5 (23%) patients, 
p = 0.009) after the first asystole (15 s (95% CI = 7–24 s) ver-
sus 122 s (95% CI = 80–165 s), p < 0.001) which was also sig-
nificantly faster in the adenosine group.

Adenosine treatment improved post-perfusion right ven-
tricular contractility with a statistically significant overall 
effect on RVSWI in the repeated-measures ANOVA. The 
adenosine group also had slightly higher LVSWIs at three 
time points after surgery, but the main result in the repeated-
measures ANOVA was not statistically significantly different 
from the control group.

Cardiac biomarker levels remained low, and there were no 
statistically significant differences in the plasma concentra-
tions of CK, CK-MB, or TnT between the study groups in the 
two-way repeated-measures ANOVA (Table 3).

The parameters of the two-way repeated-measures 
ANOVA are summarized in Supplementary Table 2. No 
significant interactions between the hemodynamic meas-
urements over time and the study group were observed. We 
investigated for potential correlations between preload or 
heart rate (HR) but could not find any significant correla-
tion between CI and HR or CI and CVP after weaning from 
CPB or early in the ICU in either of the study groups 
(Supplementary Table 3).

In 12 patients (28%), the surgery was urgent and in 31 
(72%) elective, but this did not influence the CI; baseline: 1.9 
(95% CI = 1.6–2.1) versus 1.8 (95% CI = 1.7–2.0) L/min/m2, 
post-CPB: 2.2 (95% CI = 2.0–2.4) versus 2.2 (95% CI = 2.1–
2.3) L/min/m2, 7 p.m.: 2.4 (95% CI = 2.1–2.8) versus 2.7 
(95% CI = 2.5–3.0) L/min/m2, 6 a.m.: 2.7 (95% CI = 2.3–3.1) 
versus 3.1 (95% CI = 2.8–3.3) L/min/m2, p = 0.16, in urgent 
and elective groups, respectively. Urgent status did not influ-
ence the RVSWI either; baseline: 9.9 (95% CI = 8.0–12) ver-
sus 10 (95% CI = 9.0–11) g*m/m2, post-CPB: 11 (95% 
CI = 8.8–13) versus 9.6 (95% CI = 8.4–11) g*m/m2, 7 p.m.: 
9.2 (95% CI = 6.9–11) versus 9.3 (95% CI = 8.0–11) g*m/m2, 
6 a.m.: 10 (95% CI = 7.8–12) versus 10 (95% CI = 9.0–12) 
g*m/m2, p = 0.89, in urgent and elective groups, respectively.

Table 1. Patient characteristics.

Adenosine 
group (n = 21)

Control group 
(n = 22)

Age (years)a 66 (62–70) 71 (67–75)

Male sexb 19 (90%) 22 (100%)

Diabetesb 5 (24%) 10 (45%)

Hypertensionb 11 (52%) 17 (77%)

Chronic lung diseaseb 1 (4.8%) 4 (18%)

LVEF (%)a 53 (49–58) 55 (51–60)

Plasma creatinine (µmol/L)a 84 (79–91) 90 (81–100)

Euroscore II (%)a 1.3 (1.1–1.5) 1.6 (1.1–2.1)

Mild ARb 9 (43%) 7 (32%)

95% CI: 95% confidence interval; LVEF: left ventricular ejection fraction; AR: aortic 
regurgitation.
aMean (95% CI).
bNumber (percent within group).

Table 2. Primary outcome hemodynamic measurements.

Adenosine group Control group p valuea,b

CI (L/min/m2) n = 19 n = 19 0.09a

 Baseline 1.8 (1.6–2.0) 1.9 (1.7–2.1) 0.23b

 Post-CPB 2.3 (2.2–2.5) 2.1 (1.9–2.2) 0.02b

 7 p.m. 2.8 (2.6–3.1) 2.5 (2.2–2.8) 0.08b

 6 a.m. 3.1 (2.8–3.4) 2.9 (2.6–3.1) 0.26b

RVSWI (g*m/m2) n = 19 n = 19 0.008a

 Baseline 11 (9.2–12) 9.6 (8.2–11) 0.31b

 Post-CPB 11 (10–13) 8.3 (7.1–9.6) 0.001b

 7 p.m. 10 (8.7–12) 8.3 (6.7–9.8) 0.08b

 6 a.m. 11 (9.2–12) 9.6 (8.1–11) 0.31b

LVSWI (g*m/m2) n = 19 n = 19 0.24a

 Baseline 37 (32–43) 39 (34–45) 0.58b

 Post-CPB 35 (28–42) 31 (24–38) 0.40b

 7 p.m. 39 (34–45) 33 (28–39) 0.11b

 6 a.m. 44 (37–51) 38 (32–45) 0.25b

ANOVA: analysis of variance; 95% CI: 95% confidence interval; CI: cardiac index; 
CPB: cardiopulmonary bypass; RVSWI: right ventricular stroke work index; LVSWI: 
left ventricular stroke work index.
Data expressed as mean (with 95% CI).
ap value of between-subjects comparison in two-way repeated-measures ANOVA 
between the study groups over four time points.
bp value of pairwise Bonferroni-corrected comparison in two-way repeated-
measures ANOVA between the study groups in separate time points.
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Post hoc outcomes

There were no differences in clinical outcomes between the 
study groups (Table 4). Excluding the restart of cardiac activ-
ity after the first asystole and times to first and final asystole, 
there were no significant differences in intraoperative ECG 

data between the groups (Table 5). No differences were found 
in post hoc hemodynamic outcomes (Table 6). Because this 
was an intervention study with a pharmacological agent, 
adverse events during hospital stay were compared between 
the study groups, and no statistically significant differences 
were found (Supplementary Table 4).

Discussion

This is the first randomized placebo-controlled trial in CABG 
to investigate the effects of adenosine bolus on time to asys-
tole and postoperative ventricular function, when using 
potassium-enriched blood cardioplegia. The main finding of 
the study was that adenosine did not improve CI significantly 
compared to placebo. The second main finding was a signifi-
cantly faster cardiac arrest in the adenosine group. The third 
main finding was that adenosine significantly improved 
RVSWI and that it did not improve LVSWI.

We found no significant differences in plasma cardiac bio-
marker release between the groups, indicating similarly low 
levels of myocardial cell injury.

We assume that reduced myocardial metabolism, oxy-
gen demand, and use of nutrients, caused by faster cardiac 
arrest in the adenosine group, might result in a lower level 
of myocardial stunning and faster myocardial recovery, 
visible in higher RVSWIs and marginally higher CIs after 
CPB. There were more restarts of cardiac activity during 
the first cardioplegia infusion in the adenosine group, 
potentially because of the short half-life of adenosine. We 
think that our specific criteria for asystole in this study 
yielded a longer time to asystole than has been reported by 
other authors.1–4,6,9

Table 3. Cardiac biomarkers.

Adenosine group Control group p valuea,b

CK (U/L) n = 21 n = 21 0.86a

 Baseline 112 (72–151) 88 (49–128) 0.41b

 Post-CPB 156 (113–199) 173 (130–216) 0.59b

 7 p.m. 360 (250–469) 425 (316–534) 0.40b

 6 a.m. 723 (456–990) 614 (347–881) 0.56b

CK-MB (U/L) n = 21 n = 20 0.92a

 Baseline 13 (11–15) 11 (9–13) 0.31b

 Post-CPB 29 (23–34) 31 (26–37) 0.51b

 7 p.m. 33 (26–40) 37 (30–45) 0.44b

 6 a.m. 41 (24–57) 37 (20–54) 0.79b

TnT (ng/L) n = 19 n = 18 0.92a

 Baseline 42 (0.9–82) 16 (–26–58) 0.38b

 Post-CPB 298 (224–371) 234 (159–309) 0.23b

 7 p.m. 636 (492–779) 640 (493–788) 0.96b

 6 a.m. 415 (225–605) 527 (332–721) 0.41b

ANOVA: analysis of variance; 95% CI: confidence interval; CK: creatine kinase; CK-
MB: creatine kinase MB subunit; CPB: cardiopulmonary bypass; TnT: Troponin T.
Data expressed as mean (with 95% CI).
ap value of between-subjects comparison in two-way repeated-measures ANOVA 
between the study groups over four time points.
bp value of pairwise Bonferroni-corrected comparison in two-way repeated-
measures ANOVA between the study groups in separate time points.

Table 4. Clinical outcomes.

Adenosine 
group (n = 21)

Control group 
(n = 22)

p value

Cross-clamp time (min)a 101 (87–114) 105 (93–116) 0.36

CPB time (min)a 125 (108–142) 136 (122–150) 0.17

Bypassesa 3.6 (3.3–3.9) 3.7 (3.2–4.1) 0.91

ITA bypassesa 1.3 (1.1–1.5) 1.2 (1.0–1.5) 0.49

RA bypassesa 0.76 (0.31–1.2) 0.50 (0.24–0.76) 0.57

VG bypassesa 1.6 (1.1–2.0) 2.0 (1.3–2.6) 0.47

CPB weaning time (min)a 21 (15–28) 20 (15–25) 0.66

Intraoperative vasoactivesb 3 (15%) 6 (27%) 0.46

Intraoperative 
noradrenalin maximum 
infusion rate (µg/kg/min)a

0.12 (0.08–0.16) 0.13 (0.10–0.17) 0.64

ICU vasoactivesb 2 (9.5%) 3 (14%) >0.99

ICU noradrenalin 
maximum infusion rate 
(µg/kg/min)a

0.08 (0.05–0.12) 0.10 (0.05–0.15) 0.95

Ventilation time (hours)a 10 (7.9–12) 8.9 (7.9–9.8) 0.96

ICU stay (hours)a 36 (16–56) 28 (17–40) 0.66

95% CI: confidence interval; CPB: cardiopulmonary bypass; ICU: intensive care 
unit; ITA: internal thoracic artery; RA: radial artery; VG: vein graft.
aMean (95% CI).
bOther vasoactive medication than noradrenalin. Number (percent within group).

Table 5. Intraoperative ECG data, post hoc analysis.

Adenosine 
group (n = 21)

Control 
group 
(n = 22)

p value

Restart of cardiac activity 
after the first asystolea

13 (62%) 5 (23%) 0.009

Time to any cardiac activity 
after de-clamping (s)b

43 (21–64) 36 (3.4–68) 0.86

Time to continuous cardiac 
activity after de-clamping (s)b

57 (35–80) 61 (24–99) 0.42

Type of first rhythm after 
de-clamping

0.17

 Supraventriculara 9 (43%) 4 (18%)  

 Ventriculara 9 (43%) 11 (50%)  

 Bradyarrhythmiaa 3 (14%) 7 (32%)  

Time to sinus rhythm after 
de-clamping (s)b

304 (164–443) 447 (276–617) 0.22

Arrhythmias demanding 
cardioversiona,c

3 (14%) 7 (32%) 0.28

Need for temporary pacinga 4 (19%) 10 (46%) 0.10

95% CI: 95% confidence interval.
aMean (95% CI).
bNumber of patients (percent within group).
cEither electrical or medical cardioversion.
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The authors’ hypothesis was that a faster cardiac arrest 
might lead to better myocardial protection from ischemia. In 
a rapidly arrested heart, cardioplegia could be better distrib-
uted into the myocardium during diastolic arrest, and myo-
cardial work under ischemic conditions after aortic closure 
could be reduced. We were particularly interested in the fast 
induction of myocardial functional arrest with adenosine and 
believed that it could provide improved overall myocardial 
protection. The evidence of improved cardioprotection for 
adenosine-induced arrest is limited in the literature. This 
study adds to the potential benefits of adenosine-induced car-
dioplegic arrest in postoperative myocardial recovery. 
According to our knowledge, only our research group has 
compared adenosine induction to placebo using blood cardio-
plegia in both groups in a double-blinded randomized con-
trolled trial in CABG patients. Failure in cardioprotection 
may result in myocardial damage and provoke postoperative 
morbidity.9 Septal dysfunction and the need for hemody-
namic support are common after cardiac surgery, even with 

current cardioplegia techniques and a variety of solutions.10 
Postoperative myocardial stunning is not unusual, and it is 
associated with increased morbidity and mortality, especially 
in patients with decreased myocardial reserve.11 The optimal 
composition of the cardioplegia solution has been a matter of 
debate, and several modifications have been used over the 
years.12 Previously, adenosine has been shown to decrease 
infarct size and attenuate myocardial stunning in animals.13,14 
In humans, as an additive to cardioplegia solution, adenosine 
has shown advantages to cardioprotection.1–4,6,9,11 Ammar 
et al.15 witnessed better clinical recovery, lower cardiac tro-
ponin I and CK-MB release, and less arrhythmia in the post-
bypass period when adenosine infusion was given before 
aortic cross-clamp removal. There is no consensus regarding 
the adenosine application strategy, and the variability in 
results among the published studies might be related to differ-
ences in administration protocols.2

In this study, the adenosine regimen was relatively simple 
to manage and easily repeatable. There was no increase in 
cross-clamp or operation time, and adenosine did not cause 
clinically significant side effects when compared with saline 
administration.

Limitations

The main limitation of the study is the small number of 
patients. Another major limitation is that only a minority of 
all the elective and urgent CABG patients could be recruited 
to this study and the study population became biased in rela-
tion to sex and bypass count. Study patient recruitment and 
study time were influenced by the availability of research 
staff during the workweek and the limitation of only one 
operating room equipped with continuous ECG data capture 
and download technology. Forty-three patients were non-
selectively recruited from a source population of 297 patients 
that were operated during the study period. Men were over-
represented in our study population when compared to other 
elective and urgent CABG patients during the time of study. 
We think that coincidentally having more men (95% versus 
81%) in the study population might be because of no sex-
matched randomization of the study groups to our operative 
flow of CABG patients. However, we think that sex might 
not be as strong factor in myocardial protection as, for exam-
ple, cross-clamp time, CPB time, or left ventricular ejection 
fraction (LVEF) is. It also seemed that more bypasses on 
average had been performed to the study patients (3.7 (95% 
CI = 3.4–3.9) versus 3.4 (95% CI = 3.2–3.5) than to other 
elective and urgent CABG patients during the time of study. 
We think that this is a random effect because it would be hard 
to predict how many bypasses are needed at the time of the 
study enrollment. More bypasses might mean that the coro-
nary artery disease was more severe in the study population 
compared to remaining source population. Other parameter 
frequencies did not differ between the source and the study 
populations (Supplementary Table 1). Our results can be gen-
eralized only to patients who resemble the study population.

Table 6. Post hoc hemodynamic measurements.

Adenosine 
group

Control group p valuea,b

MAP (mmHg) n = 19 n = 21 0.23a

 Baseline 68 (62–74) 78 (72–84) 0.03b

 Post-CPB 70 (60–80) 70 (61–80) 0.96b

 7 p.m. 73 (67–78) 77 (72–83) 0.26b

 6 a.m. 74 (69–80) 73 (69–79) 0.81b

HR (bpm) n = 19 n = 21 0.18a

 Baseline 47 (42–52) 54 (49–59) 0.05b

 Post-CPB 69 (62–76) 71 (65–78) 0.65b

 7 p.m. 78 (71–82) 85 (78–92) 0.15b

 6 a.m. 78 (73–83) 81 (76–86) 0.47b

CVP (mmHg) n = 19 n = 20 0.83a

 Baseline 11 (9.1–12) 9.7 (8.2–11) 0.38b

 Post-CPB 11 (9.7–13) 9.2 (7.8–11) 0.05b

 7 p.m. 7.8 (0.81–15) 12 (5.2–19) 0.39b

 6 a.m. 7.6 (6.2–9.1) 7.5 (6.1–8.9) 0.90b

PCWP (mmHg) n = 16 n = 20 0.16a

 Baseline 14 (12–15) 12 (10–13) 0.09b

 Post-CPB 13 (11–15) 11 (9.7–13) 0.15b

 7 p.m. 10 (8.5–12) 10 (8.4–12) 0.82b

 6 a.m. 11 (8.9–13) 10 (8.4–12) 0.56b

MPAP (mmHg) n = 19 n = 20 0.18a

 Baseline 20 (18–22) 19 (17–20) 0.41b

 Post-CPB 23 (21–25) 20 (18–22) 0.02b

 7 p.m. 20 (17–22) 19 (16–21) 0.54b

 6 a.m. 19 (17–21) 19 (17–20) 0.92b

ANOVA: analysis of variance; 95% CI: confidence interval; CPB: cardiopulmonary 
bypass; CVP: central venous pressure; HR: heart rate; MAP: mean arterial pressure; 
MPAP: mean pulmonary artery pressure; PCWP: pulmonary capillary wedge pressure.
Data expressed as mean (with 95% CI).
ap value of between-subjects comparison in two-way repeated-measures ANOVA 
between the study groups over four time points.
bp value of pairwise Bonferroni-corrected comparison in two-way repeated-
measures ANOVA between the study groups in separate time points.
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Although the trial was blinded, the surgical team could have 
observed the shorter time to asystole in patients receiving 
adenosine as compared to saline administration. However, we 
have no reason to believe that this would have had any effect 
on the surgeons’ decisions during the operation. The physi-
cians and nurses in the surgical and anesthesiologic teams var-
ied in our medium-size unit, which brought some variability in 
operative and anesthesiologic procedures and study measure-
ments. There was human-dependent imprecision in the injec-
tion speed and time of the study medicine boluses. There were 
minor inaccuracies in the selections of time points for CI meas-
urement or of blood sample withdrawal, which are not easy to 
avoid in a clinical study setting. Some perioperative ECG data 
were lost due to computer malfunction, and solitary hemody-
namic measurements failed in some patients due to problems 
related to the pulmonary artery catheter.

Conclusion

In this randomized study of 43 CABG patients, a high dose 
adenosine bolus at the first cardioplegia infusion did not 
enhance CI. Adenosine caused faster cardiac arrest and better 
RVSWI compared to the control group. The authors hypothe-
size that the partially enhanced ventricular performance in the 
adenosine group might be associated with a shorter time to 
cardiac arrest and thereby better delivery of blood cardiople-
gia into the myocardium in diastolic arrest. However, we need 
larger studies involving different types of procedures and 
larger variety of patients in order to understand and establish 
the benefits related to faster induction of cardiac arrest.

Author contributions

M.S.M. contributed to data curation, formal analysis, funding 
acquisition, investigation, project administration, and writing—
original draft; J.O.L. contributed to conceptualization, data cura-
tion, formal analysis, funding acquisition, investigation, 
methodology, project administration, supervision, validation, and 
writing—review and editing; K.M.J. contributed to validation and 
writing—review and editing; J.-J.H. contributed to data curation 
and investigation; J.A.A.S. contributed to data curation and inves-
tigation; T.T.R. contributed to validation and writing—review and 
editing; K.C.N. contributed to formal analysis, validation, and 
writing—review and editing; M.J.R. contributed to resources and 
methodology.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for 
the research, authorship, and/or publication of this article: This work 
was supported by the Heart Hospital, the Finnish Foundation for 
Cardiovascular Research, the City of Tampere Research Fund, the 
AK Foundation (Medical) Helsinki, the Finnish Cultural Foundation, 
and the Finnish Medical Foundation.

ORCID iDs

Mikko S. Mattila  https://orcid.org/0000-0002-3063-5862
Jari O. Laurikka  https://orcid.org/0000-0001-7253-6048

Supplemental material

Supplemental material for this article is available online.

References

 1. Maddali MM, Reddy JD, Krishnaswami S: Adenosine as an 
adjunct to inducing rapid asystole during cardioplegic arrest. 
Indian Heart J 2000;52(4):434–437.

 2. Abdelwahab AA, Sabry M, Elshora HA et al: Effect of fast cardio-
plegic arrest induced by adenosine on cardiac troponin levels after 
heart valve surgery. Heart Lung Circ 2019;28(11):1714–1719.

 3. Chen CH, Kang PL, Chang TH et al: Bolus injection of 
adenosine before cardioplegic induction improves postisch-
emic global function in coronary artery bypass grafting. Acta 
Anaesthesiol Taiwan 2005;43(4):197–204.

 4. Chauhan S, Wasir HS, Bhan A et al: Adenosine for cardio-
plegic induction: A comparison with St Thomas solution. J 
Cardiothorac Vasc Anesth 2000;14(1):21–24.

 5. Ahlsson A, Sobrosa C, Kaijser L et al: Adenosine in cold blood 
cardioplegia —A placebo-controlled study. Interact Cardiovasc 
Thorac Surg 2012;14(1):48–55.

 6. Jakobsen Ø, Næsheim T, Aas KN et al: Adenosine instead of 
supranormal potassium in cardioplegia: It is safe, efficient, 
and reduces the incidence of postoperative atrial fibrillation. J 
Thorac Cardiovasc Surg 2013;145(3):812–818.

 7. Shalaby A, Rinne T, Järvinen O et al: The impact of adenosine 
fast induction of myocardial arrest during CABG on myocar-
dial expression of apoptosis-regulating genes Bax and Bcl-2. 
Cardiol Res Pract 2009;2009:658965.

 8. Shalaby A, Rinne T, Järvinen O et al: Initial results of a clinical 
study: Adenosine enhanced cardioprotection and its effect on 
cardiomyocytes apoptosis during coronary artery bypass graft-
ing. Eur J Cardiothorac Surg 2008;33(4):639–644.

 9. Liu R, Xing J, Miao N et al: The myocardial protective 
effect of adenosine as an adjunct to intermittent blood car-
dioplegia during open heart surgery. Eur J Cardiothorac Surg 
2009;36(6):1018–1023.

 10. Allen BS: Myocardial protection: A forgotten modality. Eur J 
Cardiothorac Surg 2020;57(2):263–270.

 11. Mentzer RM Jr, Rahko PS, Molina-Viamonte V et al: Safety, 
tolerance, and efficacy of adenosine as an additive to blood 
cardioplegia in humans during coronary artery bypass surgery. 
Am J Cardiol 1997;1979(12A):38–43.

 12. Dobson GP, Faggian G, Onorati F et al: Hyperkalemic cardi-
oplegia for adult and pediatric surgery: End of an era. Front 
Physiol 2013;4:228.

 13. Lasley RD, Konyn PJ, Hegge JO et al: Effects of ischemic and 
adenosine preconditioning on interstitial fluid adenosine and 
myocardial infarct size. Am J Physiol 1995;269(4Pt2):H1460–
H1466.

 14. Randhawa MP, Lasley RD, Mentzer RM Jr: Salutary effects 
of exogenous adenosine administration on in vivo myocardial 
stunning. J Thorac Cardiovasc Surg 1995;110(1):63–74.

 15. Ammar A, Mahmoud K, Elkersh A et al: A randomized con-
trolled trial of intra-aortic adenosine infusion before release  
of the aortic cross-clamp during coronary artery bypass sur-
gery. J Cardiothorac Vasc Anesth 2018;32(6):2520–2527.

https://orcid.org/0000-0002-3063-5862
https://orcid.org/0000-0001-7253-6048

