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AMONG 105 PATIENTS GIVEN RECOMBINANT tissue plasminogen activator (rt-PA, al-
teplase) intravenously for acute stroke, 2 (1.9%) had lingual angioedema, which
progressed to a fatal anaphylactoid reaction in 1. The authors review the 2 cases
and possible mechanisms responsible. They warn that patients who are taking an
angiotensin-converting-enzyme inhibitor may be at increased risk for angioedema
with concomitant alteplase therapy.

a recombinant tissue plasminogen activator (rt-PA, ) is the risk of intracere-

bral hemorrhage. However, other adverse reactions, including anaphylaxis
and angioedema, can also occur. Hypersensitivity to alteplase is uncommon and has
been estimated to occur in less than 0.02% of patients who receive it for the treat-
ment of acute myocardial infarction.! Anaphylactoid reactions to alteplase in pa-
tients treated for acute ischemic stroke may be more common, however. Of 105
consecutive patients we treated with intravenous alteplase for acute ischemic stroke,
2 had anaphylactoid reactons. We describe their cases here.

3 major concern of physicians who treat acute ischemic stroke with alteplase,

Case reports

Case 1

A 74-year-old woman with known coronary artery disease, adult onset type 2 di-
abetes mellitus, hypertension and congestive heart failure collapsed. She was taking
ASA, losartan, furosemide, diltiazem, digoxin, atorvastatin, acarbose and glyburide
and was wearing a nitroglycerine skin patch. She was in atrial fibrilladon but was
not taking anticoagulants. On arrival at the hospital she was awake, globally aphasic
and had a right homonymous hemianopia. Her eyes were tonically deviated to the
left with a dense right hemiplegia. She had no sensation of painful stimuli on the
right side. Her plantar response was extensor on the right. Her National Institutes
of Health Stroke Scale (NIHSS) score was 24 (a score over 15 indicates severe
stroke). A CT brain scan performed 90 minutes following stroke onset showed a
hyperdense left middle cerebral artery sign and early signs of infarction in the left
lentiform nucleus and insular ribbon. Her platelet count, international normalized
ratdo (INR) and activated partial thromboplastin time were normal, and her blood
pressure was 180/70 mm Hg. The patient met the criteria for intravenous alteplase
treatment of acute ischemic stroke and was given 0.9 mg/kg alteplase — a 10% bo-
lus initially and the remaining drug infused over 60 minutes.

The patient began to improve within 30 minutes of treatment initiation, with
some fluent speech and spontaneous movement in her right arm and leg. However,
15 minutes later she was noted to be in some discomfort and was attempting to
scratch her left arm. The first signs of an urticarial rash were noted, and it subse-
quently spread from her legs to large areas of her abdomen and chest. The alteplase
infusion was stopped; the patient had received a total of 38 mg of the drug.
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Extensive bilateral swelling of her tongue and periorbital
region developed, and her blood pressure dropped to
90/40 mm Hg. Hydrocortisone (100 mg), diphenhydra-
mine (50 mg), ranitidine (50 mg) and crystalloid were ad-
ministered intravenously. Stridor developed, and there was
massive swelling of the epiglottis, uvula and tongue; a trau-
matic intubation resulted in some oropharyngeal hemor-
rhage. It was unclear whether her oropharyngeal swelling
was complicated by the hemorrhage in addition to angio-
edema. Fresh frozen plasma (8 units), cryoprecipitate (20
units) and red blood cells (4 units) were given for possible
retropharyngeal hematoma. A follow-up CT scan of the
neck showed swelling but no hematoma. The patient suf-
fered a small midline brainstem hemorrhage and petechial
hemorrhage into the area of infarction (left middle cerebral
artery territory). She was admitted to the intensive care
unit and was making moderate neurological improvement.
However, 14 days after stroke onset the patient experi-
enced ventricular arrhythmia and, despite attempts to re-
suscitate, died. An autopsy was not performed.

On the day the patient was admitted to the hospital her
serum glucose level was 29 mmol/L, perhaps partly ex-
plaining her intraparenchymal cerebral hemorrhage.? Lev-
els of complement C3 and C4 were normal the day after
her stroke. She was not taking an angiotensin-converting-
enzyme (ACE) inhibitor. Additonal history obtained from
the family revealed that the woman had experienced 8
episodes of angioedema in the previous 14 years — 1 while

she was taking a B-blocker and another while she was tak-
ing an ACE inhibitor.

Case 2

A 76-year-old woman with chronic atrial fibrillation
(treated with digoxin but not anticoagulants or ASA), coro-
nary artery disease, a previous transient ischemic attack and
hypertension presented to the hospital with sudden onset
of right-gaze preference, left hemiplegia and left hemispa-
tial neglect. On arrival she was awake and oriented but
drowsy and easily rousable. She had a left hemianopia and
left visual hemineglect. Sensation on her left side was al-
tered but not absent. A brain CT scan revealed a hyper-
dense left middle cerebral artery sign and early signs of in-
farction in the lentiform nucleus and anterior middle
cerebral artery territory. Her NIHSS score was 18, blood
pressure 165/96 mm Hg, serum glucose 8.1 mmol/L,
INR 1.0 and platelet count 154 x 10°/L. She had slight mi-
crocytic anemia, with a hemoglobin concentration of
105 g/L, but an otherwise normal blood smear. She was
taking an ACE inhibitor. Intravenous alteplase (0.9 mg/kg,
10% initial bolus dose and the remaining drug infused over
60 minutes) was initiated 110 minutes after stroke onset.

Thirty minutes after the alteplase infusion was finished,
the patdent had unilateral swelling of her tongue and lips on
the left side, but she had no rash or hypotension. She was
treated with methylprednisolone (80 mg), diphenhy-
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Fig. 1: In addition to activating fibrinolysis, plasmin may activate the complement cascade by directly cleaving C1 and C3. The
release of each of the anaphylotoxins, C3a, C4a, C5a and C2-kinin, contributes to angioedema. Plasmin may also directly acti-
vate the kinin pathway, leading to the production of bradykinin, a potent vasodilator. Kininases may be inhibited by an-
giotensin-converting-enzyme (ACE) inhibitors, providing a putative mechanism for the observed association between an-
gioedema after alteplase treatment and ACE inhibitors. - indicates inhibition.
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dramine (50 mg) and ranitidine (25 mg), and her symptoms
resolved over several hours.

Comments

Allergic reactions to thrombolytic agents can occur but
are most commonly seen with streptokinase administration;
anaphylaxis is uncommon.** Angioedema has been reported
in association with alteplase treatment of myocardial is-
chemia® and deep vein thrombosis,”® but very rarely in as-
sociation with alteplase treatment of acute ischemic
stroke.”"? Anaphylactoid reactions or angioedema have
been reported to occur in less than 0.02% of patients
treated with alteplase for acute myocardial infarction.
However, over a 3-year period we observed these adverse
reactions in 2 (1.9% [95% confidence interval 0.2%—
6.7%]) of the 105 patients given alteplase for acute is-
chemic stroke. Fayad and colleagues" reported similar re-
actions in 4 (1.5%) of 260 patients.

Anaphylaxis and angioedema during alteplase infusion
are likely caused by the activation of the complement and
kinin cascades.” Although anti-alteplase antibodies have
been reported, alteplase is an endogenous protein and thus
has low antigenicity in humans."”"* IgG or IgM antibodies
have been found in serum only days to weeks after alteplase
treatment.”"” However, IgE antibodies to alteplase were
detected in one case of anaphylaxis without angioedema.”
Activation of the complement system is likely direct, rather
than through the binding of complement C1 to antigen—
antibody complexes containing IgG or IgM.

Plasminogen activator is a serine protease that cleaves
plasminogen to plasmin (Fig. 1). Plasmin cleaves throm-
bus-bound fibrin, which results in the fibrinolytic effect,
and can also activate the complement cascade and kinin
pathway. Bradykinin is a potent vasodilator with a short
half-life due to the action of plasma kininases. Plasma kini-
nases may be inhibited by ACE inhibitors, but angioedema
secondary to ACE inhibitors in some patients may be asso-
ciated with a genetic defect in bradykinin metabolism."

The activation of complement C3 results in an amplifi-
cation of the complement cascade via the alternate path-
way; C3a, the cleavage product of C3, is a potent anaphylo-
toxin that activates mast-cell degranulation and histamine
release. C4a and C5a also activate mast-cell degranulation.
Experimental evidence suggests that anaphylaxis results in
an upregulation of endogenous t-PA levels,**' and C3a,
C4a and C5a show a marked increase after alteplase admin-
istration.” Activation of angioedema in this fashion may
not necessarily lead to complement consumption and low
C3 and C4 levels. Plasmin may also directly activate C1 in
the classic pathway with the release of C2-kinin, another
potent vasodilator thought to be responsible for an-
gioedema in both hereditary and acquired C1 esterase in-
hibitor deficiency.”

Each vial of alteplase used in North America contains
100 mg of alteplase, 3.5 g of L-arginine, 1 g of phosphoric

Hypersensitivity reactions to alteplase in stroke patients

acid and 8 mg of polysorbate-80. It contains no preserva-
tives and is reconstituted with sterile water. The concentra-
tion of L-arginine may be enough to stimulate endothelial
nitric oxide synthase (eNOS); both the kinins and the
eNOS may have contributed to the adverse reactions and
hypotension we documented. Using nitroarginine as the
carrier might reduce risk and prevent nitric-oxide-induced
neurotoxicity.”

In hindsight, our first patient may have had an undiag-
nosed hereditary or acquired C1 esterase inhibitor defi-
ciency. C1 esterase inhibitor is a member of the 02-macro-
globulin family and has antiplasmin activity. A deficiency in
this patient may have resulted in an overwhelming activa-
tion of the complement cascade and severe oropharyngeal
angioedema. The second patient’s angioedema was milder,
and we suspect that ACE inhibition made her susceptible.

An intriguing aspect of these and other cases is that the
angioedema of the tongue or lips began unilaterally and if
severe enough progressed to involve the entire tongue and
oropharynx. Several others®® have investigated the role of
the insular cortex in sympathetic and parasympathetic con-
trol. We speculate that infarction of the contralateral insu-
lar cortex, leading to autonomic dysregulation and changes
in vasomotor tone on the hemiparetic side of the body,
interacted with the angioedema cascade and resulted in the
apparent initial localization of the angioedema on the
symptomatic side.

Physicians treating acute ischemic stroke with alteplase
should be aware of this infrequent complication. We rou-
tinely inspect the tongue and oropharynx in patients 30-45
minutes after the start of an alteplase infusion and pay par-
ticular attention to patients taking ACE inhibitors. A his-
tory of ACE inhibitor use should always be obtained before
treatment with alteplase is initiated.

Our treatment with antihistamines and corticosteroids
has been empirical and is based on the treatment of an-
gioedema associated with hereditary or acquired deficiency
in CI esterase inhibitor. Infusion of C1 esterase inhibitor
has been reported in the treatment of acute myocardial is-
chemia® for its possible myocardial-protective effect, and an
infusion of C1 esterase inhibitor may be an effective therapy
in this situation as well. We avoided the use of epinephrine
because of the possibility of increasing the risk of intracere-
bral hemorrhage with a sudden rise in blood pressure.

Addendum

Since the submission of this article we have observed 2
other cases of hemilingual angioedema of the tongue (each
ipsilateral to the hemiplegia) in patients treated with al-
teplase for acute ischemic stroke. Both cases were mild and
resulted in symptoms of dysphagia in the first patient and
no symptoms in the second patient. Both patients were tak-
ing an ACE inhibitor and both were treated with ranitidine
(50 mg) and diphenhydramine (50 mg) intravenously; the
angioedema was resolved in both cases within 60 minutes.
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