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Abstract
Background: Temporarily improved platelet reactivity may reduce the bleeding in
patients on antiplatelet therapy who have ongoing bleeding or who are in need of
acute surgery. Adrenaline can bind to adrenergic α2A-receptors on platelets and potentially enhance platelet reactivity.
Objective: To assess if adrenaline can improve adenosine diphosphate (ADP)-induced
platelet aggregation and activation in blood samples from patients on dual antiplatelet therapy with acetylsalicylic acid (ASA) and the ADP-receptor antagonist
ticagrelor.
Methods: Blood samples were collected from a total of forty acute coronary syndrome patients on dual antiplatelet therapy with ASA and ticagrelor. ADP-induced
platelet aggregation (by impedance aggregometry) and activation (by flow cytometry) were assessed before and after supplementation with adrenaline and/or platelet
concentrate.
Results: Adrenaline supplementation (770 nmol L−1) increased median ADP-induced
aggregation from 15 (25-75th percentiles: 10-20) to 26 (18-38) aggregation units.
The effect was independent of concomitant platelet supplementation. Adrenaline
also increased ADP-induced platelet activation: from 40% (36-54%) to 83% (74-88%)
platelets with active fibrinogen receptor (binding PAC-1) and from 13% (7-21%) to
35% (18-50%) P-selectin-expressing platelets.
Conclusions: Adrenaline potentiated ADP-induced platelet aggregation and activation in blood samples from ticagrelor-treated patients. Adrenaline infusion may be a
new method to enhance platelet function in ticagrelor-treated patients who are in
need of acute surgery or have ongoing bleeding. In vivo studies are needed to confirm the present results.
KEYWORDS

adrenaline, flow cytometry, platelet aggregation, platelet aggregation inhibitors, platelet
function tests
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Essentials
• Interventions to temporarily improve platelet function may reduce bleeding in ticagrelor-treated patients.
• Adrenaline was added to blood from patients on ticagrelor and platelet function was assessed.
• Adrenaline supplementation potentiated ADP-induced platelet aggregation and activation.
• Adrenaline infusion may be used to enhance platelet function in patients on ticagrelor.

1 | INTRODUCTION
Dual antiplatelet therapy (DAPT) with acetylsalicylic acid (ASA)
and an adenosine diphosphate (ADP) receptor (P2Y12) antagonist

2 | M ATE R I A L S A N D M E TH O DS
2.1 | Ethics approval

such as clopidogrel, ticagrelor, or prasugrel reduces the risk of

The study was approved by the regional research ethics committee

thrombotic events compared to ASA only in patients with acute

and was performed in accordance with the Declaration of Helsinki.

coronary syndrome (ACS), but it is also associated with an in-

All the patients gave written informed consent.

creased risk of spontaneous and perioperative bleeding complications.1–3 Both the efficacy and the bleeding risk are higher when
ticagrelor, a P2Y12-receptor antagonist of the third generation, is
3

2.2 | Patients

used instead of clopidogrel. If bleeding occurs, or if acute surgery

Forty in-hospital acute coronary syndrome patients (mean age 64

is unavoidable, the effective platelet inhibition in patients with

[46-8 4] years, 83% male) with ongoing ASA and ticagrelor treatment

ongoing ticagrelor treatment becomes a significant disadvantage.

were included in the study. All patients had received loading doses

Accordingly, a high incidence of severe perioperative bleeding

(ASA loading dose: 300 mg, ticagrelor loading dose: 180 mg) and

complications has been reported in ACS patients with ongoing

at least one additional dose of ASA (75 mg) and ticagrelor (90 mg).

or recently discontinued DAPT with ASA and ticagrelor.4,5 The
perioperative bleeding risk in cardiac surgery patients, with on-

Blood samples were collected 2-8 hours after the latest dose of
platelet inhibitors. Patient characteristics are given in Table 1.

going or recently discontinued treatment with a P2Y12-receptor
antagonist, correlates to the residual ADP-d ependent platelet
aggregability. 5–7 In two recent studies, even small differences in

2.3 | Study design

residual platelet aggregability were found to have an effect on the

The blood samples were supplemented with adrenaline, platelet con-

bleeding risk. 5,6

centrates, and/or ADP. Impedance aggregometry was used to assess

In patients on ticagrelor, platelet transfusion has little or no

platelet aggregation and flow cytometry was used to evaluate plate-

effect, 8–10 and there is no currently available antidote to ticagre-

let activation before and after supplementations. Firstly, the effect of

lor. New alternatives are therefore needed to reduce the risk of

five different added concentrations of adrenaline on platelet aggre-

excessive bleeding in ticagrelor-t reated patients who have ongo-

gation was assessed (n = 10). Next, platelet aggregation was meas-

ing bleeding or who are in need of emergent surgery. One poten-

ured after addition of adrenaline alone or in combination with platelet

tial method would be to temporarily enhance platelet activation

concentrate (n = 10). To evaluate whether adrenaline induces aggre-

and aggregation during surgery or until the bleeding has stopped.

gation/activation by itself or whether it potentiates ADP-induced

Supplementation with adrenaline, which is commonly used in car-

aggregation/activation, it was added alone or in combination with

diac surgery during and after cardiopulmonary bypass to maintain

ADP and platelet aggregation (n = 10), and activation (n = 10) was as-

blood pressure, has previously been shown to potentiate plate-

sessed. The order in which the different substances/concentrations

let aggregation induced by ADP in healthy subjects11,12 and in

were tested was alternated to avoid any systematic influence of time.

clopidogrel-t reated patients.13 In the present study, we hypothesized that adrenaline would potentiate ADP-induced platelet
aggregation and activation in patients with ongoing ASA and tica-

2.4 | Adrenaline

grelor treatment, since the platelet membrane express adrenergic

The plasma concentrations of adrenaline that were tested were

α 2A-r eceptors.11,14–16 To test this hypothesis, we performed an in

6, 27, 82, 153, and 770 nmol L−1. Adrenaline was added to 1.5 mL

vitro study using blood samples from ACS patients on ongoing

blood, which corresponds approximately to 0.825 mL plasma (55%).

DAPT with ASA and ticagrelor. In addition, we also tested the

Adrenaline (Mylan, Canonsburg, PA, USA) with a stock concentra-

effect of concomitant supplementation with platelet concentrate

tion of 5.5 mmol L−1 was used. The stock solution was diluted using

and adrenaline.

saline (NaCl, 9 mg mL−1) (Fresenius Kabi, Bad Homburg, Germany)
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and added at volumes ranging between 12 and 118 μL to achieve the
calculated concentrations in plasma.

aggregometry (Multiplate; Roche Diagnostics, Basel, Switzerland)
was used to study platelet aggregation as previously described.18 The
tests used were the ADP HS test (ADP 6.3 μmol L−1 and prostaglan-

din E1 9.4 nmol L−1) which assesses the P2Y12 receptor-dependent

2.5 | Platelet concentrates

aggregation, and the ASPI test (arachidonic acid AA, 0.5 mmol L−1),

Apheresis platelet concentrates of blood group O stored for a median of

which assesses cyclooxygenase-dependent aggregation (i.e, is ASA-

1 day (range: 1-3) were used. The platelet concentrates were produced

sensitive). When the effect on aggregation of adrenaline alone was

by the blood bank at Sahlgrenska University Hospital using an apheresis

studied, no other agonist was added.

device (Trima Accel; Terumo BCT Europe, Zaventem, Belgium) in accordance with European guidelines.17 Autologous plasma was used as
storage medium. The mean platelet count in the platelet concentrates

2.6.2 | Flow cytometry

was 1747 ± 41 × 109 L−1. In vitro addition of 120 × 106 platelets to a 1-mL

Flow cytometry was used to assess platelet activation by measur-

blood sample was tested. This corresponds to an increase in platelet

ing the binding of PAC-1 (which binds to the activated fibrinogen

count achieved by transfusion of approximately three apheresis units

receptor glycoprotein IIb/IIIa)19 and expression of the platelet ac-

to a 70-kg patient. By using the platelet concentration in the individual

tivation marker P-selectin (CD62p). Blood samples were collected

concentrate, the specific volume to add from the concentrate was calcu-

in hirudin tubes (0.15 mg L−1, Roche Diagnostics GmbH). The

lated. The mean volume of platelet concentrate added was 69 ± 1.6 μL.

first blood sample tube (containing at least 2 mL blood) was discarded to avoid preactivation. Duplicate samples were prepared
containing either no agonists, adrenaline (770 nmol L−1), ADP

2.6 | Analyses

(6.5 μmol L−1), or a combination of adrenaline (770 nmol L−1) and
ADP. NaCl (9 mg L−1; Fresenius Kabi) was added to samples with

2.6.1 | Impedance aggregometry

less than two agonists, to keep the volume constant. Antibodies

Blood samples were collected in hirudin tubes (0.15 mg L−1; Roche

for platelet activation markers were then added: anti-GPIb-PE (final

Diagnostics GmbH, Mannheim, Germany). Whole blood impedance

concentration: 2.5 μg mL−1) (CD42, platelet surface marker; Dako,

TA B L E 1

Patient characteristics. Values are presented as mean value (standard error of the mean) or number (frequency)
Aggregation:
Adrenaline

Aggregation:
Adrenaline ± platelets

N

10

10

Age (years)

58 (1.9),
range 50-66

66 (3.3),
range 51-82

Gender (male)

10 (100%)

Aggregation:
Adrenaline ± ADP
10

Activation:
Adrenaline ± ADP

Aggregation:
Pooled data

10

30

65 (3.7),
range 46-8 0

65 (5),
range 38-8 4

63 (1.9),
range 46-82

7 (70%)

8 (80%)

8 (80%)

25 (83.3%)

Platelet count
(×109 L−1)

227 (19.7)

233 (19.4)

280 (39.3)

211 (34.3)

247 (16.4)

Hemoglobin (g L−1)

145 (3.9)

142 (3.9)

136 (7.6)

145 (5.7)

141 (3.1)

Serum creatinine
(μmol L−1)

93.8 (2.7)

80.9 (6.2)

98.4 (13.2)

91.1 (5.9)

91.4 (5.0)

BMI (kg m−2)

27.6 (1.4)

26.6 (1.4)

27.4 (0.9)

27.1 (1.1)

27.2 (0.8)

Diabetes mellitus

0

0

2 (20%)

2 (20%)

2 (6.7%)

STEMI

7 (70%)

1 (10%)

5 (50%)

5 (50%)

13 (43.3%)

NSTEMI

2 (20%)

6 (60%)

4 (40%)

5 (50%)

12 (40%)

Unstable angina

1 (10%)

3 (30%)

1 (10%)

0

5 (16.7%)

Fondaparinux

1 (10%)

3 (30%)

0

2 (20%)

4 (13.3%)

Heparin

0

2 (20%)

0

0

2 (6.7%)

Simvastatin

0

0

1 (10%)

1 (10%)

1 (3.3%)

Atorvastatin

9 (90%)

8 (80%)

8 (80%)

27 (90%)

Type of ACS

Medication

a

10 (100%)

ACS, acute coronary syndrome; BMI, body mass index; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction.
a
Within 24 hours of sampling.
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Agilent Technologies, Santa Clara, CA, USA), PAC-1-FITC (final

ADP

−1

concentration: 0.56 μg mL ) (BD Biosciences, San José, CA, USA)

50

and anti-P-selectin-APC (final concentration: 0.17 μg mL−1) (BD

-buffer (137 mmol L−1 NaCl, 2.7 mmol L−1 KCl, 1 mmol L−1 MgCl2,

5.6 mmol L−1 glucose, 20 mmol L−1 Hepes, and 0.1% BSA, pH 7.40)

was added to the tubes.19 Isotype controls were prepared containing IgG-APC (final concentration: 0.17 μg mL−1) (BD Biosciences) instead of anti-P-selectin-APC to determine the boundary between
positively and negatively stained platelets. One isotype control was
diluted in HEPES -buffer for the setting of the anti-P-selectin-APC
gate, while the other isotype control was diluted in HEPES -buffer
−1

with 10 mmol L

ethylenediaminetetraacetic acid (EDTA) for the

setting of the PAC-1-FITC gate. The gates were placed to obtain approximately 1.5% positive platelets in the isotype sample. 20 Then,
3 μL of blood was added to each tube at 20-seconds intervals,
resulting in a final volume of 36 μL. After 10 minutes of incubation, 700 μL of HEPES -buffer was added at 20-seconds intervals
to stop the reaction. Flow cytometry (FACSCalibur flow cytometer; BD Biosciences) was performed within an hour and 10 000
GPIb-positive platelet events were acquired and analyzed using
CellQuest Pro software (BD Biosciences). The order in which the
tubes were analyzed was alternated for each patient to avoid any
systematic influence of time.

**
**

ADP-induced aggregation (units)

Biosciences). For dilution and to prevent unspecific binding, HEPES

721

40

30

20

10

0
0

6

27

82

153

770

Adrenaline concentration (nmol/L)
F I G U R E 1 Effect of adrenaline on adenosine diphosphate
(ADP)-induced platelet aggregation in blood samples from patients
on ongoing treatment with acetylsalicylic acid and ticagrelor
(n = 10). The concentrations are resulting plasma concentration
of adrenaline in the blood samples. Boxes indicate 25th and 75th
percentiles while the median is indicated by the line across the
inside of the box. Whiskers denote the minimum and maximum
values. **P < 0.01
Addition of adrenaline at plasma concentrations of 153 and

2.7 | Statistics

770 nmol L−1 significantly improved AA-induced aggregation com-

Data are presented in boxplots with median and 25th-75th percen-

pared to samples without adrenaline supplementation; from 14

tiles. Platelet aggregation, before and after addition of adrenaline

(5-16) U to 17.5 (10-19) U (P = 0.012) at 153 nmol L−1 and to 20 (15-

and/or platelet concentrate and/or ADP, was compared using the

23) U at 770 nmol L−1 (P = 0.007) (Figure S1). Addition of adrenaline

non-parametric Friedman test for repeated measures. Expression

at lower concentrations did not significantly improve AA-induced

of platelet activation markers before and after addition of adrena-

aggregation; 15.5 (7-16) U (P = 0.78) at 6 nmol L−1, 16 (6-17) U

line and/or ADP was also compared using the Friedman test. Any P

(P = 0.072) at 27 nmol L−1, and 12 (6-19) U at 82 nmol L−1 (P = 0.31).

value of <0.05 was considered statistically significant. To determine

Using pooled data from all aggregation experiments (n = 30

which pairs of samples were significantly different, the Wilcoxon

for ADP and n = 20 for AA), adrenaline supplementation increased

signed-rank test (matched pairs) was used for post hoc analysis with

ADP-induced aggregation by 80% (51-165%) with the highest adren-

Bonferroni-Holm correction to control for the family-wise error

aline concentration; from median 15 (10-20) U to 22.5 (14-26) U

rate. 21 All statistical analyses were performed with SPSS version 22

(P < 0.001) at 153 nmol L−1 and to 26 (18-38) U at 770 nmol L−1

(IBM Corporation, Armonk, NY, USA).

(P < 0.001 vs either baseline or 153 nmol L−1). AA-induced aggregation increased by 60% (180-133%) with the highest adrenaline concentration, from median 14 (9.5-16) U to 17.5 (12.5-21) U (P = 0.001)

3 | RESULTS

at 153 nmol L−1 and to 21.5 (15.5-23) U at 770 nmol L−1 (P < 0.001 vs

3.1 | Effects of adrenaline on platelet aggregation
Addition of adrenaline at plasma concentrations of 153 and
770 nmol L−1 significantly improved ADP-induced aggregation compared to samples without adrenaline; from 12.5 (9-19) U to 16 (13-

either baseline or 153 nmol L−1).

3.2 | Effects of adrenaline ± platelets on platelet
aggregation

25) U (P = 0.009) at 153 nmol L−1 and to 20 (16-28) U at 770 nmol L−1

Addition of platelet concentrate alone did not significantly improve

(P = 0.007) (Figure 1). Addition of adrenaline at lower concentrations

ADP-induced aggregation; 19 (13-22) U at baseline compared to 17

(6, 27, and 82 nmol L ) did not significantly improve ADP-induced

(14-23) U (P = 0.57) (Figure 2). Addition of adrenaline (at 770 nmol L−1)

aggregation; 12.5 (10-16) U (P = 0.68) at 6 nmol L−1, 14.5 (9-19) U

increased ADP-induced aggregation compared to platelet con-

(P = 0.2) at 27 nmol L−1, and 16.5 (12-20) U at 82 nmol L−1 (P = 0.018,

centrate alone; from 17 (14-23) U to 29 (22-38) U (P = 0.005). The

not significant with Bonferroni-Holm correction).

combination of adrenaline (770 nmol L−1) and platelet concentrate

−1
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**

60

**

**

**

80

**

**
**

Aggregation (units)

ADP-induced aggregation (units)

ADP

40

**
*

*

60

40

20

20

0
0
Baseline

Platelets

Adr
Platelets+Adr
(770 nmol/L) (770 nmol/L)

F I G U R E 2 Effect of addition of adrenaline (Adr) alone or in
combination with platelet concentrate on adenosine diphosphate
(ADP)-induced platelet aggregation in blood samples from patients
on ongoing treatment with acetylsalicylic acid and ticagrelor
(n = 10). Boxes indicate 25th and 75th percentiles while the median
is indicated by the line across the inside of the box. Whiskers
denote the minimum and maximum values excluding outliers
(values more than 1.5 times the interquartile range) and extreme
points (values more than 3 times the interquartile range). Outliers
are presented as dots. **P < 0.01

Baseline
Adr
(No agonist) (770 nmol/L)

PAC-1

cantly more than adrenaline alone (P = 0.074).
Addition of platelet concentrate alone significantly increased
AA-induced aggregation compared to baseline; from 14 (12-16) U to
71 (51-85) U (P = 0.007) (Figure S2). Addition of adrenaline resulted
in a lower AA-induced aggregation compared to platelet concentrate alone; 22 (19-23) U (P = 0.007). The combination of adrenaline
(770 nmol L−1) and platelet concentrate increased AA-induced aggregation more than platelet concentrate alone; from 71 (51-85) U
to 96 (85-108) U (P = 0.007).

3.3 | Effects of adrenaline ± ADP on platelet
aggregation and platelet activation
Adrenaline alone (at 770 nmol L−1) increased platelet aggregation
compared to baseline (no agonist); from 5 (1-14) to 11 (4-17) U
(P = 0.011) (Figure 3). Addition of ADP alone increased aggregation
more than adrenaline alone, to 17 (12-21) U (P = 0.005 vs baseline and
P = 0.013 vs adrenaline only). Addition of adrenaline (770 nmol L−1)
together with ADP significantly increased aggregation compared to
both adrenaline alone and ADP alone; from 11 (4-17) U for adrenaline alone and 17 (12-21) U for ADP alone to 29 (17-42) U (P = 0.005

Percentage positive platelets (%)

alone, from 17 (14-23) U to 24 (21-30) U (P = 0.005), but not signifi-

ADP+Adr
(770 nmol/L)

F I G U R E 3 Effect of addition of adrenaline (Adr) alone, ADP
HS test alone and combination of adrenaline with ADP HS test on
platelet aggregation in blood samples from patients on ongoing
treatment with acetylsalicylic acid and ticagrelor (n = 10). Boxes
indicate 25th and 75th percentiles while the median is indicated by
the line across the inside of the box. Whiskers denote the minimum
and maximum values. *P < 0.05, **P < 0.01

100
increased ADP-induced aggregation more than platelet concentrate

ADP

**
80

**

**

**
**

**

60

40

20

0
No agonist

Adr
(770 nmol/L)

ADP

ADP+Adr
(770 nmol/L)

F I G U R E 4 Effect of addition of adrenaline (Adr) alone, ADP
alone and the combination of ADP and adrenaline on PAC-1
binding (binds to activated fibrinogen receptor) in blood samples
from patients on ongoing treatment with acetylsalicylic acid and
ticagrelor (n = 10). Boxes indicate 25th and 75th percentiles while
the median is indicated by the line across the inside of the box.
Whiskers denote the minimum and maximum values excluding
outliers (values more than 1.5 times the interquartile range) and
extreme points (values more than three times the interquartile
range). Extreme points are indicated by the symbol ×. **P < 0.01

vs either adrenaline alone or ADP alone).
Addition of adrenaline alone (at 770 nmol L−1) increased expres-

Addition of ADP alone increased PAC-1 binding more than with

sion of active fibrinogen receptor (PAC-1 binding); from 2% (2-3%)

adrenaline alone, to 40% (36-54%) (P = 0.005 vs either no ago-

when no agonist was added to 22% (11-34%) (P = 0.005) (Figure 4).

nist or adrenaline alone). The combination of ADP and adrenaline

|
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(770 nmol L−1) resulted in the highest PAC-1 binding; 83% (74-88%)

clopidogrel, prasugrel, and cangrelor were added in vitro and adren-

(P = 0.005 vs all other).

aline supplementation (1 μmol L−1) was shown to restore ADP

−1

Addition of adrenaline alone (at 770 nmol L ) increased P-

(5 μmol L−1)-induced aggregation with either P2Y12-receptor antago-

selectin expression compared to when no agonist was added; from

nist present.12 In the present study, we hypothesized that adrenaline

4% (3-6%) to 6% (4-11%) (P = 0.013) (Figure 5). Addition of ADP alone

would increase platelet activation and aggregation in blood samples

increased P-selectin expression more than with adrenaline alone, to

from ACS patients on dual antiplatelet therapy with ASA and ticagre-

13% (7-21%) (P = 0.005 vs either no agonist or adrenaline alone).

lor which, to our knowledge, has not previously been investigated.

The combination of ADP and adrenaline (770 nmol L−1) resulted in

The results of the present study support our hypothesis. Adrenaline

the highest expression of P-selectin; 35% (18-50%) (P = 0.005 vs all

in itself had only a mild effect but potentiated ADP-induced plate-

other).

let activation and aggregation in the blood samples from ASA and
ticagrelor-treated patients in a concentration-dependent way.
One could speculate that the potentiating effect of adrenaline

4 | DISCUSSION

may be due to the molecular actions of the substances. ADP binds

The main finding of the present study was that addition of adrena-

to the G-protein-coupled receptors P2Y122 and P2Y1223,24 located
on the platelet surface membrane. For a normal ADP-induced ac-

line to blood samples from patients who were on DAPT with ASA

tivation and aggregation, responses from both pathways are re-

and ticagrelor potentiated ADP-induced platelet aggregation and

quired. 25–27 When a P2Y12-receptor antagonist such as ticagrelor

activation.

has bound to the platelet receptor, the ADP-induced activation of

There is a need for new methods of reducing the risk of excessive
bleeding in ticagrelor-treated patients with ongoing bleeding or in

P2Y12 is inhibited. Adrenaline binds to the α2A-receptor, activating a

pathway which mimics the P2Y12-receptor mediated pathway. 26,28,29

need of acute surgery. One option would be to transiently enhance

This may explain that the combination of addition of ADP and adren-

platelet function until bleeding has stopped or until the operation

aline to blood samples from patients on ongoing treatment with ti-

is completed. Platelets express adrenergic receptors, and supple-

cagrelor results in a better aggregation response compared to either

mentation with adrenaline has previously been shown to potenti-

substance alone, as responses from both signaling pathways are

ate ADP-induced platelet aggregation in healthy subjects11 and in
clopidogrel-treated patients.13 In a study conducted on platelet-rich
from healthy subjects, the P2Y12-receptor antagonists ticagrelor,

achieved.
Although the results indicate that adrenaline improved ADP-
induced platelet aggregation in ticagrelor-treated patients, it was
by no means normalized. According to the impedance aggregometry manufacturer, the normal aggregation range with the ADP HS

P-selectin

Percentage positive platetes (%)

60
**

**

**

dian aggregation increased with adrenaline from 15 to 26 U when
pooled data from all aggregation experiments were included. This

**

50

*

test in untreated individuals is 43-100 U. In the present study, me-

**

moderate improvement might at first sight be regarded as insufficient. However, in two recent observational studies on ACS patients

40

undergoing CABG, small differences in preoperative platelet aggregation, determined with impedance aggregometry as in the present

30

study, markedly influenced the risk of major bleeding complications.
In fact, both studies suggested a cut-off level of 22 U for when car-

20

diac surgery may be performed without an increased risk of bleeding,5,6 which is lower than what was achieved in the present study.

10

We observed that platelet supplementation alone did not influ0

ence ADP-induced aggregation but markedly increased AA-induced
No agonist

Adr
(770 nmol/L)

ADP

ADP+Adr
(770 nmol/L)

F I G U R E 5 Effect of addition of adrenaline (Adr) alone, ADP
alone and the combination of ADP and adrenaline on expression of
platelet activation marker P-selectin in blood samples from patients
on ongoing treatment with acetylsalicylic acid and ticagrelor
(n = 10). Boxes indicate 25th and 75th percentiles while the median
is indicated by the line across the inside of the box. Whiskers
denote the minimum and maximum values excluding outliers
(values more than 1.5 times the interquartile range) and extreme
points (values more than 3 times the interquartile range). Outliers
are presented as dots. *P < 0.05, **P < 0.01

aggregation. This is in line with results from previous studies, which
showed no effect or only a minor effect of platelet transfusion on
ADP-induced aggregation8–10 and an improvement in AA-induced
aggregation8 in patients treated with ASA and ticagrelor. Platelet
transfusions may therefore still be of clinical importance in patients
with ongoing DAPT, as they markedly increase AA-induced aggregation and can therefore treat the platelet inhibition induced by ASA.
The present study had some important limitations. Although
a clear concentration-dependent effect of adrenaline on platelet
aggregation was found, the effect was only statistically significant
with the higher concentrations of adrenaline (153 and 770 nmol L−1).
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All tested concentrations, except the lowest, were higher than the
plasma concentrations achieved by infusion of adrenaline at clinically
relevant doses.30 Accordingly, the results of the present study support the concept that adrenaline enhances ADP-dependent platelet
aggregation, but in vivo studies with clinically acceptable adrenaline
doses are necessary to validate the present findings. Furthermore,
only adrenaline was tested in the present study. Other clinically used
adrenergic agents such as noradrenaline also need to be evaluated,
although in vitro data suggest that noradrenaline is not as potent as
adrenaline in inducing aggregation of untreated platelets.11,15,16
In conclusion, the results demonstrate that adrenaline potentiates ADP-induced activation and aggregation in blood samples from
patients on ongoing treatment with ASA and ticagrelor. Adrenaline
could therefore possibly be used to treat and prevent excessive
bleeding in ticagrelor-treated patients. In vivo studies are needed to
confirm the present results.
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