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Abstract
We present the case of a 33-year-old South Asian woman with immune thrombocytopenia during
pregnancy, recent right medullary stroke secondary to vertebral artery dissection complicated by
dysphagia requiring percutaneous endoscopic gastrostomy (PEG) tube placement, and a new left
vertebral artery dissection with pseudoaneurysm formation. She presented for planned left vertebral
artery flow diversion embolization of the pseudoaneurysm. She was initiated on aspirin and P2Y12
inhibition with ticagrelor two weeks prior to the procedure and reported adherence with regimen. A
steady-state VerifyNow PRU (P2Y12 reaction units) Test obtained before the procedure resulted at 179
PRU (goal <180 PRU), prompting re-loading with ticagrelor 180 mg. The post-load level resulted at 231
PRU, and the patient was subsequently started on a cangrelor infusion due to concern for ticagrelor
nonresponse.

Main Text
Case

We present the case of a 33-year-old South Asian woman with immune thrombocytopenia during
pregnancy, recent right medullary stroke secondary to vertebral artery dissection complicated by
dysphagia requiring percutaneous endoscopic gastrostomy (PEG) tube placement, and a new left
vertebral artery dissection with pseudoaneurysm formation. She presented for planned left vertebral
artery flow diversion embolization of the pseudoaneurysm. She was initiated on aspirin and P2Y12
inhibition with ticagrelor two weeks prior to the procedure and reported adherence with regimen. A
steady-state VerifyNow PRU (P2Y12 reaction units) Test obtained before the procedure resulted at 179
PRU (goal <180 PRU), prompting re-loading with ticagrelor 180 mg. The post-load level resulted at 231
PRU, and the patient was subsequently started on a cangrelor infusion due to concern for ticagrelor
nonresponse.

What is contributing to ticagrelor "failure" and risks? Questions to ask when facing unexpected
medication monitoring values.  

Despite her taking the ticagrelor orally, the patient’s history of dysphagia and PEG- tube placement raised
concern that absorption may have been affected. Incidence of inadequate response to P2Y12 inhibitors
due to medications that delay gastric emptying, like morphine, have been reported in the literature.
Sikora and colleagues evaluated overcoming delayed absorption due to morphine by utilizing
metoclopramide.1 As ticagrelor is primarily absorbed in the small intestine, this increase in gastric
emptying with metoclopramide could assist in improved delivery of ticagrelor to its site of
absorption.2 By administering metoclopramide along with ticagrelor in patients receiving morphine,
mean ticagrelor plasma concentrations were significantly higher than in patients who were not co-
administered metoclopramide.1

Page 2/7



Compared to ticagrelor, clopidogrel has a higher bioavailability, making it an attractive alternative agent
for an inadequate response to ticagrelor. Despite the higher bioavailability, clopidogrel has its own
pharmacokinetic challenges with efficacy. Clopidogrel is a prodrug that must be metabolized by the liver
via the cytochrome P450 enzyme CYP2C19 into its active metabolite.3 CYP2C19 is a polymorphic allele,
and those with alleles with reduced CYP2C19 function have been shown to have a lower degree of
platelet inhibition, increasing the risk of thrombosis.3 Additionally, frequency of CYP2C19 alleles can vary
widely based on ethnicity, andup to 35% of patients may be low metabolizers and need alternative P2Y12
inhibitor therapy. 4

In this case, while changing ticagrelor to clopidogrel was a consideration, this patient's CYP2C19 allele
was unknown, and testing was not available. Additionally, when considering ethnicity and likelihood of
CYP2C19 polymorphisms, there was potentially a higher risk that she might have a polymorphism for
CYP2C19 requiring alternative therapy. 

Treatment Decision Reached and Monitoring Plan

Cangrelor was titrated based on an institutional specific algorithm with a goal PRU range of 50-150. Due
to inability to obtain therapeutic PRUs while receiving cangrelor up to 1.7 mcg/kg/min, the decision was
made to discontinue cangrelor and administer crushed ticagrelor 180 mg and aspirin 81 mg. Two hours
after ticagrelor 180 mg was crushed and administered via G-tube, the post-load PRU resulted as 140
PRU, meeting the goal of < 180 PRU. 

Metoclopramide 5 mg was administered orally 30 minutes prior to subsequent ticagrelor doses. A PRU
was checked 30 minutes after the first maintenance ticagrelor 90 mg dose and resulted at 173 PRU.
There was concern this level was too early to be accurate, so a subsequent PRU was checked 6 hours
after the same dose and resulted at 181 PRU. The decision was made to obtain a 2-hour PRU level after
the second maintenance ticagrelor 90 mg dose for confirmation, which resulted as 176 PRU. Due to
repeated testing within goal, it was decided to continue therapy with ticagrelor upon discharge.

The patient was counseled on taking metoclopramide 30 minutes prior to ingesting crushed ticagrelor
tablets orally on discharge. It was recommended to repeat PRU during outpatient follow up to ensure
compliance with administration protocols and consider CYP2C19 allele testing in the event an alternative
agent was needed. 

Discussion

Our patient highlights an uncommon but clinically important scenario: apparent ticagrelor failure in a
patient with a high risk stent-associated thrombosis. Although ticagrelor is often selected due to the
uncertain response rate of clopidogrel due to CYP2C19 mutations, inadequate platelet response can still
occur. Current neurointerventional literature describes rare cases of ticagrelor non-response and
highlights the utility of platelet function testing and evaluation of absorption when the consequences of
thrombotic failure are high.5 In this patient, an elevated steady-state PRU despite reported adherence,
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coupled with elevated post-load levels after the procedure, required a broader evaluation of contributors,
rather than assuming irreversible ticagrelor resistance.

Our patient's history of dysphagia, subsequent PEG tube placement, and lack of ticagrelor response led
to the suspicion of issues with medication delivery or absorption. While most of the current evidence
focus on impaired absorption due to opioid co-administration, the impaired absorption principle could
apply to many other patients in the inpatient setting, including those with dysphasia, feeding tubes,
critical illness, postoperative ileus, gastroparesis, or other concomitant medications that can decrease
gastric emptying. 

To overcome our patients' absorption issues, two strategies were implemented. The first was to increase
the drug delivered to the small bowel by decreasing dissolution time and crushing the ticagrelor tablet.
Pharmacokinetic trials have demonstrated faster ticagrelor absorption, earlier peak concentrations, and
greater platelet inhibition early on when ticagrelor is administered as crushed or dispersed tablets.2,6-9 In
a systematic review by Serenelli, et al., crushed/chewed ticagrelor loading doses resulted in a mean
difference of –59.24 PRU (25%) when compared to 1 hour post dose PRUs with whole tablet
administration.6 While these studies were conducted in patients receiving ticagrelor orally, critically ill
patients frequently require enteral administration via a nasogastric (NG) tube due to impaired oral
access, introducing factors that may affect drug absorption, bioavailability, and platelet inhibition.

Delivery of ticagrelor via nasal gastric (NG) tube resulted in sufficient platelet inhibition and comparable
serum concentrations when compared to healthy volunteers in an alternative trail.2,10 In one case
presented by Laurent, et al., tube feeds were held with NG tube administration, resulting in increased
response to ticagrelor and in a 19% drop in PRU.5 Despite the evidence to support tube administration
and holding tube feeds, we choose to administer the crushed tablet orally without regard to nutrition to
re-create long term administration conditions, as our patient had PEG tube removal scheduled prior to
her discharge. In our case, this alone resulted in a significant reduction in PRU post oral administration of
a crushed tablet. 

Our second strategy was to focus on improving gastric emptying time, theoretically allowing more
medication to be delivered to the small bowel without being inactivated in low pH gastric secretions.
Metoclopramide has been used as a potential strategy to mitigate delayed ticagrelor absorption.1,5

Although not extensively studied, there is a reasonable rationale for considering modifying the motility
with metoclopramide, which is relatively safe in most patients. This consideration is increasingly relevant
as more of our patients are receiving medications that slow gastric emptying, including glucagon-like
peptide-1 receptor agonists (GLP-1s), and as our neurologically injured patients frequently have impaired
gastrointestinal transit issues from opioid administration and gastric tube placement. 

In high-risk neuroendovascular procedures, our case supports a pragmatic approach to ticagrelor non-
response: platelet function testing when clinically necessary, interpreting PRU results in the context of
patient specific pharmacokinetic factors, and considering alternative administration when absorption is

Page 4/7



a plausible contributor to inadequate platelet inhibition. Clinicians can consider crushed administration
up front, in patients with decreased absorption risk factors, rather than waiting for inadequate response,
theoretically decreasing the risk of thrombosis post procedures.

Lessons Learned (Summary)

1. Unlike clopidogrel, where resistance may be related to CYP polymorphisms, ticagrelor resistance is
likely related to absorption. Ticagrelor resistance may be overcome through administration as a crushed
tablet and/or increasing gastric motility.

2. While PRU testing is not typically completed in patients on ticagrelor, it may be considered in patients
receiving high risk neuroendovascular stents.

3. Timing of PRU testing can have a significant impact. PRU should be measured 1-2 hours after
administering crushed ticagrelor, when maximal plasma concentrations are achieved from the parent
drug and its active metabolite.
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