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Unexpected outcome (positive or negative) including adverse drug reactions

CASE REPORT

Acute ST-elevation myocardial infarction due to in-
stent thrombosis after administering tranexamic acid
in a high cardiac risk patient

Yvonne E Kaptein

SUMMARY

Tranexamic acid (TXA) is an antifibrinolytic which
minimises bleeding and transfusions, with thrombotic
risk. Our patient had known coronary artery disease
with post-TXA acute ST-elevation myocardial infarction
(STEMI) due to in-stent thrombosis. He had five drug-
eluting stents (DES): two overlapping DES in mid-LAD

(3 years ago), and two overlapping DES in distal right
coronary artery and one DES in obtuse-marginal (1.5
years ago). After TXA, both overlapping stent locations
thrombosed. Of nine reports of post-TXA acute M, only
one had complex stent anatomy (bifurcation stent to left
circumflex/first obtuse-marginal) with other single stents,
and only the complex stent thrombosed. Post-TXA MI
was more often STEMI caused by arterial thrombosis,
rather than non-STEMI caused by blood loss, hypotension
or demand ischaemia. Overlapping and bifurcation
stents thrombosed; single stents remained patent.

In conclusion, overlapping stents, bifurcation stents,
excessive stent length and previous in-stent restenosis/
thrombosis may increase thrombotic risk. TXA should be
administered cautiously with complex stent anatomy.

BACKGROUND

Tranexamic acid (TXA) is an antifibrinolytic agent
used to minimise bleeding in multiple clinical
settings. It reversibly binds plasminogen receptors,
inhibiting the proteolytic activity of plasmin and
subsequent breakdown of fibrin. Food and Drug
Administration approval is for menorrhagia, and
bleeding prophylaxis in haemophilia and von Will-
ebrand disease.' > TXA is widely used in multiple
surgical settings to minimise blood loss and need for
blood transfusions.

Several randomised-controlled trials, meta-anal-
yses, systematic literature reviews and retrospective
database analyses within the last 10 years have rein-
forced the safety and efficacy of perioperative TXA
to minimise blood transfusions.' *7 TXA signifi-
cantly reduced perioperative blood loss and rate
of blood transfusions compared with placebo or
no treatment, without significantly increasing post-
procedural incidence of thromboembolic events
such as myocardial infarction, stroke, deep vein
thrombosis or pulmonary embolism, and without
increasing postoperative mortality. These articles
report TXA use in a variety of surgical settings,
including trauma surgery in which TXA signifi-
cantly reduced all-cause mortality and death due

to bleeding,” orthopaedic surgery in particular
total hip and knee arthroplasty,' *° cardiac surgery
including coronary artery bypass grafting (CABG)
and combined CABG with valve replacement,*® and
other surgeries including cranial and orthognathic,
gynaecological, hepatic, urological and vascular
surgeries.® These trials included very few patients
at high risk for arterial or venous thromboembolic
complications, since TXA is considered high risk in
these populations.”**®? This included patients with
current or prior arterial or venous thromboembolic
disorders such as deep vein thrombosis, pulmo-
nary embolism, myocardial infarction, cerebrovas-
cular disease or stroke, transient ischaemic attack,
vascular or arterial stents and chronic hypercoagu-
lable states.! In women undergoing treatment with
TXA for menorrhagia, this may also include those
taking hormonal contraceptives, those with obesity,
and smokers."

For these reasons, there is a paucity of data
regarding safety of TXA in high-thromboembol-
ic-risk populations, due to exclusion of patients
with known risk factors from trials. In particular,
arterial thromboembolic events following total hip
or knee arthroplasty are infrequent and are rarely
reported.’ We present a patient with prior known
coronary artery disease with complex stents who
received intraoperative intravenous TXA during a
total hip arthroplasty, and subsequently suffered
an ST-elevation myocardial infarction (STEMI)
from in-stent thrombosis requiring emergent
intervention.

CASE PRESENTATION

Our patient is a 59-year-old man with total right
hip arthroplasty 4 years prior, with revision for
Propionibacterium acnes infection <2 years prior,
admitted for repeat total hip arthroplasty revision
due to recurrent prosthetic joint infection. He
had erythema, swelling, induration and pain in his
thigh, and a right thigh aspirate from 1 month prior
grew Propionibacterium acnes.

He had known coronary artery disease with
prior placement of five drug-eluting stents (DES)
(figure 1)."' Three years prior to admission, he
suffered an anterior wall STEMI with total occlu-
sion of the mid-left anterior descending (mLAD)
artery, and two overlapping DES were placed. Left
ventricular ejection fraction was 55%. Eighteen
months prior to admission, he had chest pain with a
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Figure 1

Anatomy of coronary artery disease and stents (adapted from Erb and Seeberger)."" Drug-eluting stents: Stents A. Three years prior: total

occlusion of mLAD — two overlapping DES (2.75x24 mm Xience DES, 2.75x14mm Promus DES); Stent B. Eighteen months prior: 80% occlusion
of proximal OM of LCX — 1 DES to OM (2.5x23 mm Xience); Stents C. Eighteen months prior: 70% occlusion of dRCA/posterolateral branch —
two overlapping DES (2.5x28 mm Xience DES, 2.5x12 mm Xience DES). Stents A and C: Total occlusion due to in-stent thrombosis after tranexamic
acid. DES, drugeluting stent; dRCA, distal right coronary artery; LCX, left circumflex artery; mLAD, mid-left anterior descending coronary artery; OM,

obtuse marginal (coronary artery).

positive stress test, and angiography revealed 80% stenosis of the
marginal branch (obtuse marginal [OM]) of the left circumflex,
and 709% stenosis of the distal right coronary artery (dRCA).
One DES was placed in the 80% OM lesion, and two overlap-
ping DES were placed in the 70% dRCA lesion. Prior LAD stents
were widely patent. He was prescribed dual antiplatelet therapy
with aspirin and prasugrel for both instances, and had no further
cardiac symptoms between his most recent stent placement and
the present surgery. He also had hypertension, hyperlipidaemia,
chronic kidney disease stage II-III, former tobacco use (1/3 pack/
day for 20 years, quit 5 years prior), rare alcohol use, obesity
(body mass index 40 kg/m?), obstructive sleep apnoea on contin-
uous positive airway pressure, Gilbert’s syndrome and anky-
losing spondylitis.

During his preoperative evaluation, he was instructed to
continue aspirin 81 mg daily, and stop prasugrel 5 days prior to
his procedure. He was subsequently admitted for his revision
total hip arthroplasty. An initial intraoperative ECG was normal.
Twenty minutes after the start of the procedure TXA was admin-
istered as a 500mg intravenous bolus, followed by another
500 mg intravenous bolus 10 min later. Three hours after TXA,
ST elevations were noted in leads II and V5 on the cardiac
monitor, without prior documented ST segment depressions.
Due to patient position, an ECG could not be obtained imme-
diately. Given the patient was haemodynamically stable, surgery
was continued. An ECG obtained > 1 hour later showed an acute
inferolateral STEMI, with ST elevations in leads I, III, aVF and
V3-V6 (figure 2). The patient was immediately transported to
the cardiac catheterisation laboratory. Troponin T levels before
and after the ECG were initially negative.

At the start of spinal anaesthesia, the patient’s non-invasive
blood pressure (BP) was 158/90mm Hg (mean arterial pres-
sure [MAP] 113), with a heart rate (HR) of 58 beats/min. His

non-invasive BPs fluctuated and decreased to BP 95/54 mm Hg
(MAP 68) with HR 58 beats/min prior to incision, BP
90/60mm Hg (MAP 70) and HR 54 beats/min at the time of
TXA administration and BP 80/50mm Hg (MAP 60) with HR
72 beats/min just after switching from spinal anaesthesia and
monitored anaesthesia care to general anaesthesia and noticing
ST elevations on the monitor. The surgical case was converted
from spinal anaesthesia to general anaesthesia as the procedure
required more time than anticipated. An arterial line was placed.
The low non-invasive MAPs were treated with phenylephrine
boluses and PlasmaLyte infusions. After placing an arterial line,
a phenylephrine drip was titrated to control BP. A nitroglycerin
infusion was started after noting ST elevations. Hypotension
was suspected to be sedation-related, as propofol was initiated
at the start time of surgery. The patient did not receive inotropic
support. He continued to have intermittent hypotension, as low
as arterial line BP 78/48 mm Hg (MAP 58) with HR 70 beats/min
during the left heart catheterisation.

INVESTIGATIONS

Coronary angiography showed acute in-stent thrombosis with
total occlusion of the mLAD (at the site of overlapping DES x2
placed 3 years prior), and acute in-stent thrombosis with total
occlusion of the dRCA (at the site of overlapping DES X2 placed
18 months prior) (figure 3), with no stenosis or occlusion at the
prior stent to the OM (DES X1 placed 18 months prior).

TREATMENT

The patient underwent balloon angioplasty of the mLAD, the
embolised thrombus in the distal LAD, and the dRCA. There
were no residual occlusions and no new stents were placed
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Figure 2 ST-elevation myocardial infarction, with ST elevation in leads II, Ill, aVF and V3-V6.

(figure 3). He received aspirin 81 mg, ticagrelor 180 mg and a
cangrelor bolus followed by infusion.

OUTCOME AND FOLLOW-UP

Troponin T level obtained the next morning was 7.070ng/mL.
Aspirin 81 mg was continued, and ticagrelor 90 mg two times per
day was initiated. The patient was on high-dose atorvastatin 80 mg
and metoprolol succinate for prior coronary artery disease. Capto-
pril was added. Transthoracic echocardiogram at the time of the left
heart catheterisation showed moderate systolic dysfunction with a
left ventricular ejection fraction of 36%, and hypokinesis to akinesis
of the mid- to distal anteroseptum, anterior wall, anterolateral wall
and the apex. A repeat echocardiogram 3 days later showed ejection
fraction of 52%, with persistent severe hypokinesis to akinesis of
the entire left ventricular apex. The patient was discharged home
on postoperative day 7.

DISCUSSION

To our knowledge, our patient is only the second reported case
of a STEMI due to in-stent thrombosis after TXA administration
in the setting of known coronary artery disease.

Although there have been several recent high-quality studies
discussing the safety and efficacy of systemic TXA use in several
surgical settings,! > high-risk patients such as ours were typi-
cally not included. For example the Clinical Randomisation of
an Antifibrinolytic in Significant Haemorrhage 2 (CRASH-2)
trial” included young (average age 35 years) trauma patients who
likely did not have cardiovascular comorbidities. In addition,
there was bias in the selection of trial candidates: patients with
clear indications for TXA received TXA, and those with clear
contraindications did not, therefore potential trial candidates
were not all randomly assigned to treatment groups. Wind et al’
reported a retrospective review of patients undergoing primary
total hip arthroplasty in a single institution, whose policy was to
give topical rather than intravenous TXA to patients at elevated
risk (ie, myocardial infarction during the prior 6 months, stent
placement within the last 1year or prior embolic event), which
was found to be ineffective compared with intravenous TXA
at reducing blood transfusions. Of note, our patient’s most

recent stent was >1year prior, which may have suggested that
intravenous TXA would be relatively safe. In the Aspirin and
Tranexamic Acid for Coronary Artery Surgery (ATACAS) trial,’
the authors concede that few patients were included who were at
the highest risk for bleeding or thrombosis; only 2.5% of these
patients had a previous angioplasty or stenting, and 1.2%-1.6%
had previous cardiac surgery.

There are nine case reports of patients who suffered acute
myocardial infarction hours to days after TXA, though most of
these patients did not have previously known coronary artery
disease or other vascular comorbidities indicating elevated risk
(table 1).237191271¢ Seven patients had no known coronary artery
or vascular disease, whereas two had a significant cardiac history.
In six of these cases, the mechanism of acute myocardial infarc-
tion (MI) was thrombosis or acute plaque rupture requiring
coronary intervention (stent placement in five of six, and only
balloon angioplasty in one case), and of these five out of six
had STEMIs with one non-ST-elevation MI (NSTEMI). The
remaining three MlIs were more likely due to demand ischaemia
in the setting of blood loss and hypotension, two of three were
NSTEMIs with one STEMI, and angiography showed no specific
lesions therefore no intervention was performed.

These observations warrant consideration about the mech-
anism by which TXA may predispose to acute myocardial
infarction in susceptible patients. As an antifibrinolytic and
haemostatic agent, the primary concern is acute MI due to
thrombosis and arterial occlusion. In the meta-analysis by Fill-
ingham et al,' arterial thromboembolic events were rare compli-
cations following primary hip or knee arthroplasty, and are
rarely reported in randomised clinical trials due to the exclusion
of patients with known risk factors. Devereaux and Eikelboom'”
report that myocardial infarction is the most common major
vascular complication following noncardiac surgery, proposing
that the major mechanism is demand ischaemia from operative
blood loss rather than a thromboembolic event. In support of
this argument, Devereaux cites that most postoperative myocar-
dial infarctions are NSTEMIs suggesting a supply-demand
mismatch mechanism though many of these NSTEMI patients
also had coronary artery thrombus on intracoronary optical

Kaptein YE. BMJ Case Rep 2019;12:€227957. doi:10.1136/bcr-2018-227957

3



Unexpected outcome (positive or negative) including adverse drug reactions

Figure 3  Coronary angiography (A): mLAD with total occlusion due to in-stent thrombosis at site of prior overlapping stents, as shown by the
arrow. (B) mLAD after balloon angioplasty performed on totally occluded artery, with no residual stenosis, as shown by the arrow. (C) dRCA/

right posterolateral branch with total occlusion due to in-stent thrombosis at site of prior overlapping stents, as shown by the arrow. (D) dRCA/
rightposterolateral branch after balloon angioplasty performed on totally occluded artery, with no residual stenosis, as shown by the arrow. dRCA,
distal right coronary artery; mLAD, mid-left anterior descending coronary artery.

coherence tomography (OCT), and MI was more frequent with
greater intraoperative blood loss and transfusion requirements.
Devereaux also references the CRASH-2 trial that showed TXA
significantly reduced bleeding, and patients receiving TXA had
a significantly lower incidence of MI, presumably due to less
demand ischaemia” but also probably due to patient selection.
Taking this into account, those three case reports that
described patients who suffered acute MI most likely due to
demand ischaemia (two of three NSTEMI, one STEMI) fit the
pathophysiology discussed by Devereaux and Eikelboom,!” and
TXA administration may not have caused the subsequent MI.
The remaining six cases that suffered acute MI due to plaque
rupture or acute thrombosis were more likely to be STEMI, all
required coronary intervention, and are more likely to have been
precipitated by the administration of TXA, as with our patient.
We consider our case report important in that it is one of
the few cases published of post-TXA acute MI in a patient with
known coronary artery disease. Acute in-stent thrombosis only
occurred at the sites of overlapping DES, one site stented almost
3 years prior, and the other site 18 months prior (the single DES
placed 18 months prior remained patent). The anatomy of the

stents may have played a greater role in the risk of late in-stent
thrombosis than the age or type of stent (drug-eluting vs bare
metal), and this increased risk may be extended to other patients
who have highly thrombogenic stent anatomy such as overlap-
ping stents, bifurcation stents and excessive stent length.'® ¥ In
addition, patients who have had a history of in-stent restenosis
or thrombosis may be at elevated risk.'®

In support of this argument, our case and that reported by Bridges
and Wilson'® are the only two patients with a history of high-risk
stent anatomy in addition to other single stents, who received TXA
and suffered a subsequent MI due to in-stent thrombosis only of the
high-risk stents. Their case'® was a 71-year-old man with a history
of coronary artery disease with four DES placed =5 years prior,
including a bifurcation DES to the left circumflex artery/first obtuse
marginal branch (LCX/OM1) with a history of restenosis requiring
balloon angioplasty, and later in-stent thrombosis requiring a repeat
DES placement. He also had a single DES to the RCA, and a single
DES to the first diagonal artery. This patient received intravenous
TXA during a shoulder arthroplasty, and 4.5hours later suffered
an inferior wall STEMI with complete heart block due to in-stent
thrombosis with total occlusion at the LCX/OM1 bifurcation stent,
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Unexpected outcome (positive or negative) including adverse drug reactions

requiring another DES placement, in addition to inotropes and
diuresis for cardiogenic shock. The two single DES remained patent.
This patient was at additional risk for perioperative MI, as both
antiplatelet agents were held 7 days prior to surgery, rather than
continuing aspirin and only holding the prasugrel as in our case.

In conclusion, these findings suggest that for patients with
known history of coronary artery disease who may be candi-
dates for TXA, stent anatomy should be carefully evaluated.
Overlapping stents, excessive stent length and stents at bifurca-
tions, or history of previous in-stent restenosis or thrombosis,
may indicate a high risk for thrombosis.'® '® Complex stent
anatomy may be a more important risk factor for MI caused
by arterial thrombus than just coronary artery disease or prior
stents alone. For patients with complex stent anatomy, perioper-
ative management of dual antiplatelet agents should be carefully
assessed. These considerations will likely not affect the incidence
of postoperative MI caused by blood loss or demand ischaemia,
and as mentioned before, some literature supports the use of
TXA to minimise blood loss and the risk of demand-ischaemia
type NSTEMI postoperatively. Protocols on the administration
of TXA and preoperative evaluation of high-cardiac-risk patients
should take these considerations into account when weighing the
risks (thrombotic STEMI) and benefits (minimising blood loss
and demand-NSTEMI) of TXA administration. Randomised
trials assessing the risks and benefits of TXA in high-cardiac-risk
patients are unlikely to be performed in the future.

Learning points

» Patients with known history of coronary artery disease who
may receive tranexamic acid (TXA) should first be carefully
evaluated for stent anatomy.

» Overlapping stents, excessive stent length and stents at
bifurcations, or history of previous in-stent restenosis or
thrombosis may place patients at high risk for post-TXA
thrombosis.

» Complex stent anatomy may be a more important risk
factor for post-TXA myocardial infarction caused by arterial
thrombus, than just the presence of coronary artery disease or
single stents.

» TXA should be administered cautiously in patients with
complex stent anatomy.
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