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Abstract

Aims: Patients in a coma after cardiac arrest may have adversely affected drug absorption and metabo-
lism. This study, the first of its kind, aimed to investigate the early pharmacokinetic and pharmacodynamic
effects of ticagrelor administered through a nasogastric tube (NGT) to patients resuscitated after an out of
hospital cardiac arrest (OHCA) and undergoing primary percutaneous coronary intervention (pPCI).

Methods and results: Blood samples were drawn at baseline and at two, four, six, eight, 12, and 24 hours
and then daily for up to five days after administration of a 180 mg ticagrelor loading dose (LD), followed
by 90 mg twice daily in 44 patients. The primary endpoint was the occurrence of high platelet reactivity
(HPR) 12 hours after the LD. Assessment by VerifyNow (VFN) showed 96 (15.25-140.5) platelet reactiv-
ity units (PRU), and five (12%) patients exhibited HPR. Multiplate analysis showed 19 (12-29) units (U) at
twelve hours, and three patients (7%) had HPR. Ticagrelor and its main metabolite AR-C124910XX con-
centrations were 85.2 (37.2-178.5) and 18.3 (6.4-52.4) ng/mL. Median times to sufficient platelet inhibition
below the HPR limit were 3 (2-6) hours (VFN) and 4 (2-8) hours (Multiplate).

Conclusions: Ticagrelor, administered as crushed tablets through a nasogastric tube, leads to sufficient
platelet inhibition after 12 hours, and in many cases earlier, in the vast majority of patients undergoing pPCI
and subsequent intensive care management after an OHCA.
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Abbreviations
ADP adenosine diphosphate

GPI glycoprotein I1b/Il1a inhibitors

HPR high (on treatment) platelet reactivity

ICU intensive care unit

IGR interquartile range

LD loading dose

NGT nasogastric tube

OHCA  out of hospital cardiac arrest

PCI percutaneous coronary intervention

PFT platelet function tests

pPCI primary percutaneous coronary intervention

ROSC  return of spontaneous circulation

STEMI  ST-segment elevation myocardial infarction
™ targeted temperature management

VFN VerifyNow

Introduction

Cardiac arrest is a relatively common complication of ST-segment
elevation myocardial infarction (STEMI). After the return of
spontaneous circulation (ROSC), many patients are treated by
primary percutaneous coronary intervention (pPCI) and inten-
sive care therapy, including a targeted temperature management
(TTM) regimen if still unconscious'. Dual antiplatelet therapy
with aspirin and a P2Y,, inhibitor is standard treatment after
STEMI, and the newer platelet inhibitors prasugrel and tica-
grelor are recommended over clopidogrel>. A previous study of
comatose patients treated with hypothermia after cardiac arrest
showed a delayed onset of platelet inhibition by clopidogrel com-
pared with conscious patients’, and other studies have suggested
a generally poorer uptake of medication in comatose patients*’.
Stent thrombosis rates have, in some studies, been reported to be
higher among patients resuscitated after out of hospital cardiac
arrest (OHCA) and treated with pPCI®’. A possible explanation
might be poor platelet inhibition due to affected drug absorp-
tion and metabolism in patients in a coma. A recent study on
comatose patients with acute myocardial infarction found that
a very high proportion of patients expressed high platelet reac-
tivity (HPR) 24 hours after loading with clopidogrel, whereas
prasugrel and ticagrelor seemed to provide more effective plate-
let inhibition®. Recently, two pilot studies on conscious patients
found an improved and faster onset of action with ticagrelor if
tablets were crushed and diluted in water before intake compared
with tablets swallowed whole®!°.

The aim of this study was to assess platelet reactivity and phar-
macokinetics after ticagrelor administration though a nasogastric
tube (NGT) in comatose survivors of OHCA undergoing pPCI and
subsequent intensive care management.

Methods

The TICOMA study was a prospective, observational, single-cen-
tre study conducted at Rigshospitalet, Copenhagen, Denmark, from
October 2014 to October 2015. This is the first study to investigate

Ticagrelor for comatose patients with STEMI

both the early pharmacokinetic and pharmacodynamic effects of
ticagrelor administered through a NGT to STEMI patients resusci-
tated after OHCA and treated with pPCI.

Ticagrelor was chosen over prasugrel because it is the preferred
adenosine diphosphate (ADP) receptor inhibitor in Denmark for
both STEMI and non-ST-elevation myocardial infarction (non-
STEMI) patients. In addition, data on crushed tablets administered
to conscious patients have been encouraging. (ClinicalTrials.gov
NCTO02175875)

STUDY POPULATION

During the inclusion period, all patients resuscitated but coma-
tose after OHCA and triaged for acute coronary angiography due
to STEMI were consecutively screened for study participation.
Inclusion criteria for the trial were: recent (<3 hours) pPCI and
therefore indication for oral P2Y,, inhibitor treatment, the patient
being in a condition disabling normal oral administration of tablets
and requiring NGT insertion, and consent by proxy for participa-
tion in the study as required by Danish law regarding clinical stud-
ies involving incapacitated patients. Exclusion criteria included:
age <18 years old, absolute contraindications to antithrombotic
treatment, ongoing treatment with an ADP inhibitor or oral antico-
agulants before inclusion in the study and pregnancy. All patients
were treated with pPCI according to department treatment pro-
tocols. Periprocedural treatment included, as per standard prac-
tice, 10,000 IU unfractionated heparin and 500 mg acetylsalicylic
acid, administered intravenously in the pre-hospital setting or just
before the percutaneous coronary intervention (PCI). Additional
use of anticoagulants was at the discretion of the treating phy-
sician; however, the use of glycoprotein IIb/Illa inhibitors (GPI)
was not encouraged due to interference with the platelet function
tests (PFT).

STUDY-RELATED PROCEDURES

Tablets of ticagrelor, 180 mg as loading dose (LD) followed by
90 mg twice daily, were crushed in a mortar, dissolved in 50 mL
of purified water and administered through an NGT immediately
after PCI. Blood samples were collected from a cannula inserted
in the radial artery. The first samples were collected before tica-
grelor administration (t0). Thereafter, the samples were drawn
repeatedly at two (£1), four (£1), six (1), eight (+1), 12 (1), and
24 (+2) hours, and then daily for an additional five days or until
intensive care treatment was terminated. Platelet function was
assessed using the VerifyNow® system (VFN) (Accumetrics Inc.,
San Diego, CA, USA), in a P2Y, Reaction Units (PRU) test, and
using the Multiplate® analyser (Roche, Rotkreuz, Switzerland) in
adenosine diphosphate area under the curve units (AUC/U). HPR
was defined as a PRU >208 for VFN and >46 U for Multiplate''.
The primary endpoint was occurrence of HPR 12 hours after LD,
measured by VFN and Multiplate. In addition, blood samples,
drawn at similar time points, were stored for subsequent analysis
for ticagrelor and its main metabolite AR-C124910XX concentra-
tions (Covance Laboratories, Indianapolis, IN, USA).
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ETHICAL CONSIDERATIONS

The study was conducted under Danish and international guide-
lines for good clinical practice (International Council for
Harmonisation of Technical Requirements for Pharmaceuticals for
Human Use-Good Clinical Practice [ICH-GCP]), and the study
was approved by the regional scientific ethical committee and
the Danish Medical Agency. The participating study persons were
all comatose and therefore unable to give informed consent for
inclusion in the acute phase. Thus, inclusion in the project before
obtaining informed consent was justified according to Danish law
considering incapacitated research participants: study procedures
could start after acceptance from an appointed legal guardian (two
medical doctors, not involved in the study). However, subsequent
informed consent from the patient’s next-of-kin was to be obtained
as soon as possible, as well as from the patient’s general prac-
titioner/health officer. Patients who regained consciousness were
asked to confirm the consent.

STATISTICAL ANALYSIS

Baseline variables for the 44 patients are presented as percentages
for categorical data and as median values followed by interquartile
range (IQR) for continuous variables. In the graphs, plasma con-
centrations and platelet function results are presented as mean val-
ues followed by standard deviations. Baseline variables in patients
with and without HPR at 12 hours are presented as percentages or
median values with ranges and compared with the use of chi-square
tests for categorical variables, t-tests for continuous variables with
normal distributions, and Wilcoxon rank-sum tests for continu-
ous variables with non-normal distributions. Correlation between
plasma concentrations and PFT were performed using Spearman’s
correlation test. GraphPad Prism, version 6.0 (GraphPad Software
Inc., San Diego, CA, USA), was used for all statistical analysis
and figures.

The time point where the platelet function test first reached the
level below the HPR limit was registered for each patient for both
Multiplate and VFN, and the median time at which values were
below the HPR limit was calculated for the entire population.

Results

During the inclusion period of 12 months, 1,022 patients under-
went primary PCI for STEMI in our institution. Eighty-nine
patients (9%) were resuscitated after cardiac arrest and were
screened for study participation (Table 1). Of 47 eligible patients,
three had to be excluded from further analysis due to lack of docu-
mentation of study drug administration (exact time of administra-
tion) in the hospital charts. Thus, the study population consisted
of 44 patients. Baseline characteristics are depicted in Table 2
and procedure- and ICU-related variables in Table 3. Forty-one
(93%) patients underwent TTM at 36° Celsius for 24 hours'”.
Three patients treated with eptifibatide were excluded from plate-
let function testing but had plasma samples collected and stored
for subsequent collective analyses of the concentration of ticagre-
lor and its main metabolite AR-C124910XX. One patient accepted

Table 1. Unconscious patients resuscitated after OHCA and
undergoing pPCI (1 October 2014 - 30 September 2015).

Could not participate for logistic reasons 9
Foreign citizen 4
Pretreated with prasugrel 5
Pretreated with ticagrelor 8
Died in cathlab or very Qarly in ICU before consent from 10
legal guardian was obtained

Needed emergency or acute surgery* 4
On oral anticoagulants g
PCI attempted, but not possible (chronic occlusion) 4
Excluqed aftqr review of sourqe‘data‘(uncertainties 3
regarding timing of drug administration)

Final study population 44

*coronary artery bypass surgery or extracorporeal membrane oxygenation.
ICU: intensive care unit; PCl: percutaneous coronary intervention

study participation and platelet function testing after he regained
consciousness except for the part involving plasma analyses to
be performed outside of Denmark. Consequently, platelet func-
tion testing was performed in 41 patients and plasma analyses in
43 patients.

NGT treatment was continued for a median of four (three to
five) days. At twelve hours, median VFN was 96 (15.25-140.5)
PRU, and five of 41 (12%) patients exhibited HPR. Multiplate
was 19 (12-29) U at twelve hours, and three patients (7%) had
HPR. Median times to sufficient platelet inhibition below the HPR
limit were 3 (2-6) hours (VFN) and 4 (2-8) hours (Multiplate).

The five patients expressing HPR by VFN at 12 hours were older,
had a higher body weight and had higher aspiration output from

Table 2. Demographics and pre-hospital care for the TICOMA
study population.

Male, n (%) 36 (82)
Age, years, median [IQR] 57.5[51-64.25]
Weight, kg, median [IQR] 85 [78.75-901

Dyslipidaemia, n (%) 15 (34)
Hypertension, n (%) 18 (41)
Diabetic, n (%) 5(11)
Smoking, n (%) 28 (64)
Family history of ischaemic heart disease, n (%) 13 (30)
Known ischaemic heart disease, n (%) 7 (16)

Pre-hospital care

Time to ROSC, min., median [IQR] 20 [12-25.5]
Adrenalin, n (%) 22 (50)
Amiodarone, n (%) 13 (30)
Unfractionated heparin, n (%) 44 (100)
Aspirin, n (%) 44 (100)




Table 3. PCI and ICU treatment for the TICOMA study population.

N=44

PCl-related variables

ROSC to PCI, min., median [IQR] 99 [76-132.5]
Culprit lesion, n (%)
LM 2(5)
LAD 22 (52)
RCA 10 (23)
©x 10 (23)
Multivessel disease, n (%) 24 (55)
Bivalirudin during PCI, n (%) 13 (30)
Eptifibatide during PCI, n (%) 3(7)
Impella® support during/after PCI, n (%) 4 (9)
Any aspiration from NGT, n (%) 19 (43)
Aspiration the first 24 hrs, mL, median [IQR] 0 [0-262.5]
Intravenous drugs, first 24 hrs
Propofol, n (%) 44 (100)
Fentanyl/remifentanyl, n (%) 44 (100)
Noradrenaline, n (%) 34 (77)
Dopamine, n (%) 30 (68)
Adrenaline, n (%) 5(11)
Amiodarone, n (%) 9 (20)
Potassium, n (%) 14 (32)
TTM, n (%) 41 (93)
sDﬁ:iE):nnlgj)(neurolog|ca| injury/cardiogenic 9 (20)/2 (5)

Cx: ramus circumflexus; ICU: intensive care unit; LAD: left anterior
descending artery; LM: left main coronary artery; NGT: nasogastric tube;
PCI: percutaneous coronary intervention; RCA: right coronary artery;
ROSC: return of stable circulation; TTM: targeted temperature
management

the NGT within the first 24 hours; however, none of these differ-
ences in characteristics reached statistical significance (Table 4).

Platelet inhibition and plasma concentrations of ticagrelor and
AR-C124910XX at the various time points after LD administra-
tion are shown in Figure 1A, Figure 1B (VFN) and Figure 2A,
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Figure 2B (Multiplate). Twelve hours after loading, median plasma
concentrations were 85.2 (37.2-178.5) ng/mL for ticagrelor and
18.3 (6.4-52.4) ng/mL for AR-C124910XX. Peak concentrations
of both components were not calculated since plasma concentra-
tions continued to increase after maintenance doses were added to
the treatment.

Platelet reactivity by VFN correlated with plasma concentrations
of both ticagrelor and AR-C124910XX (Spearman rho=—-0.678,
p<0.0001, and —0.669, p<0.0001, respectively). Correlation analy-
ses with Multiplate produced similar results (—0.631, p<0.0001,
and —0.601, p<0.0001, respectively).

Eleven patients (25%) died in the intensive care unit, nine due
to irreversible neurological injury and two in cardiogenic shock
complicated by multi-organ failure. No cases of acute or early

stent thrombosis were reported.

Discussion

The platelet inhibitory effect after loading with ticagrelor is
directly related to the combined exposure of both ticagrelor and
its active metabolite AR-C124910XX". In a study on OHCA
patients, Moudgil et al found that ticagrelor provided effective and
sustained platelet inhibition within four hours after drug admin-
istration'. Tilemann et al found sufficient platelet inhibition by
impedance aggregometry at 24 hours after cardiac arrest among
27 patients undergoing mild induced hypothermia'®. Neither of
these studies included pharmacokinetic data. It is noticeable that,
in-our TICOMA study, drug concentrations following administra-
tion of a 180 mg bolus were much lower than previously reported
for conscious patients. Teng et al found peak values at around
550 ng/mL for ticagrelor and 175 ng/mL for AR-C124910XX four
hours after administration of only 90 mg as an LD in healthy volun-
teers'®. The LIQUID study, which compared absorption of crushed
versus integral tablets of ticagrelor in STEMI patients, found peak
values of ticagrelor at 1,490 ng/mL and of AR-C124910XX at
184 ng/mL four hours after intake of 180 mg crushed tablets in
the semi-upright position's. Recently, a new study by Rollini et al
added understanding to the effect of the other P2Y , inhibitor, pras-
ugrel. The study showed a faster onset of action and more potent
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Figure 1. Pharmacokinetics and platelet reactivity after loading with 180 mg ticagrelor, crushed and diluted in water and administered

through a nasogastric tube (NGT). A) Plasma concentrations of ticagrelor (black) and platelet reactivity by VerifyNow (VEFN) (grey) (mean
values/SD). The dotted line marks PRU >208, the level of high on treatment platelet reactivity according to the guidelines. B) Plasma
concentrations of AR-C124910XX (black) and platelet reactivity by VerifyNow (grey) (mean values/SD). The dotted line marks PRU >208,
the level of high on treatment platelet reactivity according to the guidelines. D: day; H: hours
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Table 4. Comparison hetween patients expressing HPR and no HPR at 12 hours, defined as VFN <208 PRU.
HPR at 12 hrs (VFN >208 PRU),

No HPR at 12 hrs (VFN <208 PRU),

Variable n=5* n=36*
Age, years, median [range] 63 [48-70] 56.5 [43-771] 0.31
Male gender, n (%) 3(60) 30 (83) 0.25
Weight, kg, median [range] 100 [75-110] 85 [50-125] 0.51
Aspiration volume, 24 hrs, mL, median [range] 240 [0-480] 0 [0-1,2001] 0.26
Diabetes, n (%) 0 (0) 5(14) NA
Death in ICU, n (%) 2 (40) 8 (22) 0.58

*in three patients VerifyNow (VFN) could not be analysed due to concomitant treatment with eptifibatide during the first 18 hours after PCI.
pis calculated by Fisher’s exact test or the non-parametric t-test as appropriate.
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Figure 2. Pharmacokinetics and platelet reactivity after loading with 180 mg ticagrelor, crushed and diluted in water and administered
through a nasogastric tube (NGT). A) Plasma concentrations of ticagrelor (black) and platelet reactivity by Multiplate ADP (AUC/U) (grey)
(mean values/SD). The dotted line marks U >46, the level of high on treatment platelet reactivity according to the guidelines. B) Plasma
concentrations of AR-C124910XX (black) and platelet reactivity by Multiplate ADP (AUC/U) (grey) (mean values/SD). The dotted line marks
U >46, the level of high on treatment platelet reactivity according to the guidelines". D: day; H: hours

antiplatelet effect with crushed prasugrel compared to whole tab-
lets in a group of conscious STEMI patients'’.

The comatose STEMI patients in the present study expressed
much lower values even 12 hours after loading with 180 mg of
ticagrelor, although a slow increase in plasma concentrations of
both components as well as platelet inhibition was seen over the
following days when maintenance doses were added to the treat-
ment. All patients received morphine analogue medications in
the intensive care unit (ICU). It has previously been shown that
morphine decreases ticagrelor concentrations but not its anti-
platelet effect in healthy volunteers'®, but in a STEMI population
concomitant morphine administration is related to a delayed and
attenuated ticagrelor exposition and platelet inhibition'. Platelet
inhibition results in patients receiving ticagrelor in various clini-
cal settings are summarised in Table 5. The present study adds
to the understanding of platelet inhibition in a less investigated
patient subset, namely comatose patients. Whether hypother-
mia affects platelet function is controversial. Kander et al stud-
ied the in vitro effect of induced hypothermia and hyperthermia
on blood from patients undergoing ticagrelor- and aspirin-medi-
ated platelet inhibition. /n vitro hypothermia to 33°C markedly
increased platelet activity measured by flow cytometry but not
by Multiplate analysis®. Based on these findings, it seems rea-
sonable to suggest that the slower onset of platelet inhibition in
the present study compared to reports from conscious patients

Table 5. Overview of studies investigating the early effect of
ticagrelor in different study populations.

Patients

Median time to
sufficient platelet
inhibition"

Adapted from

Healthy volunteers <0.5 hours (M*) Hobl et al'®
Patients with stable CAD x ONSET-OFFSET
0.5 hours (V**) and RESPOND!2
NSTEMI 1-2 hours (Va***) Bonello®
STEMI RAPID?*
1-2 hours (V**) MOJITO®

PRIVATE-ATLANTIC?

= 9
STEMI - crushed tablets <1 hour (V**) MOJITO ;
Alexopoulos
STEMI + iv morphine 1 hour (V**) Kubica!®
Comatose patients after
acute PCI (nasogastric 3 hours (V**) TICOMA 2016

tube administration)

*M: Multiplate-ADP <46 U. **V: VerifyNow, PRU <280. ***Va: VASP
>50%. CAD: coronary artery disease; |1V: intravenous;
NSTEMI: non-ST-segment elevation myocardial infarction;
STEMI: ST-elevation myocardial infarction

is probably due to slower ventricular absorption, and not to the
mild temperature management.

Recently, hypothermia to 33°C as standard treatment to pre-
vent neurological damage after OHCA was challenged by the



TTM study, which found equal survival rates and neurological
outcome in patients managed at 33 and 36 degrees. In the TTM
study, coagulation parameters did not differ between the two
treatment groups, although platelet function analyses were not
performed?'. In our institution, we have adapted the 36°C regi-
men as standard of care to avoid other complications related to
more profound cooling such as bradycardia, the need for deeper
sedation due to shivering, etc.

Fast and reversible platelet inhibition is now also possible with
cangrelor, a new high-affinity, reversible intravenous antagonist of
P2Y,,. Co-administration with ticagrelor is possible’’. Cangrelor
was not available to patients during the TICOMA study. To be
able to tailor antiplatelet therapy for comatose patients in the
future, knowledge of ticagrelor’s onset of action is important
if other platelet inhibitors such as GPI or cangrelor are consid-
ered as bridging therapy during the first hours after PCI, some-
thing which was recently recommended in a consensus statement
from the European Association for Percutaneous Cardiovascular
Interventions (EAPCI)/Stent for Life (SFL) groups on invasive
coronary treatment strategies for out of hospital cardiac arrest'.

We believe that the present study has provided this information.

Limitations
Our results must be evaluated in the light of some limitations. First,
this is a small sample size without any control group, although the
enrolment was prospective, consecutive and with few exclusion
criteria. Second, ticagrelor was the only P2Y, inhibitor studied
as we did not find it ethically acceptable to randomise between
clopidogrel and ticagrelor, based on the previous reports of infe-
rior platelet inhibitory effects of clopidogrel in comatose patients?.
A comparison between ticagrelor and prasugrel between the patients
could have been interesting but would also have increased the num-
ber of patients needed in the study. Third, more frequent samplings,
both early (0-2 hours) and late (after 12 hours), may have added
to the results; however, the sampling times were more frequent
than previously reported in other studies and two PFT were used.
Fourth, the study did not compare comatose patients with con-
scious STEMI patients. However, several studies have addressed
this matter before, and it was decided to use historical data and
defer from the frequent blood sampling in conscious patients.
Platelet reactivity at 12 hours was chosen as the primary end-
point in the present study, mainly because earlier studies on clopi-
dogrel have shown HPR even after 24 hours. Due to the comatose
state of the study participants, the co-administration of morphine
and poor gastric motility, we expected ticagrelor to perform much
worse than was actually shown in the study.

Conclusions

Our results indicate that ticagrelor, administered as crushed tab-
lets through an NGT, leads to sufficient platelet inhibition after
12 hours in the vast majority of comatose STEMI patients after
undergoing pPCI, with a median time to guideline-based platelet
inhibition levels of around three to four hours.

Ticagrelor for comatose patients with STEMI

Impact on daily practice

Ticagrelor administered as crushed tablets through an NGT leads
to sufficient platelet inhibition after 12 hours in the vast major-
ity of comatose patients after undergoing pPCI, with a median
time to guideline-based platelet inhibition levels of around three
to four hours. Thus, in comatose patients, intravenous antiplate-
let therapy may be considered in the early hours after primary
PCI if there is an increased risk of stent thrombosis.
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