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due to beta-tryptase—induced
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Clinical Implications

e We report a case of fatal systemic anaphylaxis to
gadobenate, with massive hemorrhage, associated with
elevated beta-tryptase, causing fibrinogenolysis and
impairing fibrinogen ability to undergo thrombin-
mediated fibrin formation.

TO THE EDITOR:

Anaphylaxis to gadolinium occurs in 0.001% to 0.01% of
administrations. Although it has increased over the last decades,
gadolinium is considered to be very safe, rarely associated with
death.'

A 64-year-old woman with personal history of hypertension,
ex-smoker, dyslipidemia, and obesity was diagnosed with septum
hypertrophic cardiomyopathy after a first episode of atrial
fibrillation with spontaneous cardioversion. Ventricular ejection
fraction was normal and she was in class I-II/IV for dyspnea. She
was being treated with atenolol, lisinopril, rosuvastatine, tor-
asemide, and acenocoumarol. She had no history of atopy, drug
allergy, or asthma and she had never been exposed to
gadolinium-based contrast media.

She presented at the outpatient clinic to undergo a cardiac
magnetic resonance. The patient’s medications were not dis-
continued before the study. At her arrival, her blood pressure
was 170/80 and heart rate (HR) was 45 bpm. Intravenous
gadobenate dimeglumine (20 mL) (Multihance, Bracco Di-
agnostics Inc., Cranbury, NJ) was administered. Two minutes
later, she complained of malaise and myalgia, and 1 minute
later showed a decreased level of consciousness. The proced-
ure was immediately stopped. At that time, physical exami-
nation showed cyanosis, HR 40 bpm, systolic blood pressure
80 mm Hg, and oxygen saturation 85%. Epinephrine, dex-
clorfeniramine, and hydrocortisone were administered. The
patient went into cardiorespiratory arrest with asystole.
Advanced cardiopulmonary resuscitation was initiated with
intravenous epinephrine, fluids, bicarbonate, and norepi-
nephrine, followed by use of an Extra Corporeal Membrane
Oxygenation device. A 20-cm hematoma developed on her
thighs at the site of vascular punctures along with massive
gastrointestinal bleeding (>3 L), through nasogastric and
orotracheal tubes. Blood tests showed pH 6.81, PaCO, 29
mm Hg, HCO3; 5 mEq/L, lactate more than 15 mM, a
decreasing hemoglobin (8.2 to 5.1 g/dL), and low platelet

(88 x 10°/L) count. Fibrinogen and clotting time tests were
undetectable despite treatment with vitamin K, protamine
sulfate, coagulation factor concentrates, and fresh frozen
plasma together with red cell and platelet transfusions. Un-
fortunately, hemodynamic control was not achieved and the
patient died within 20 hours of the gadolinium injection.

A serum sample obtained from the femoral artery 50 minutes
after the onset of symptoms reported 63 ng/mL for total tryptase
(normal, <11.4 ng/mL) (UniCAP, Phadia, Thermo Fisher,
Upsala, Sweden) and 17 ng/mL for mature beta-tryptase
(normal, <1 ng/ml) (Virginia Commonwealth University,
Richmond, Va).

Serum tryptase is a biomarker for systemic anaphylaxis.
Pro—0./B-tryptases are continuously secreted from mast cells
(MCs) as inactive proenzymes. The level of protryptase re-
flects genetic factors,” and also the total body MC burden,
whereas mature tryptases are stored in MC granules and
released as tetramers, including active beta-tryptase, upon MC
activation.” Total tryptase levels are elevated at baseline in
most patients with systemic mastocytosis, whereas beta or
total tryptase levels peak about 1 hour after clinical onset of
systemic anaphylaxis, and then decline, returning to baseline
by about 4 hours.” A total tryptase assay, which is widely
available, measures both 0./, pro/mature tryptases. High total
tryptase levels are found after anaphylaxis, but these must be
compared with the respective baseline levels to distinguish
between MC activation and increased MC burden.” In turn,
an increased beta-tryptase level (available from LBS Lab in
Virginia) is the pathognomonic finding in systemic anaphy-
laxis with ratios of total to beta-tryptase typically being less
than 10.”

Measuring beta-tryptase is essential to diagnose postmortem
anaphylaxis, when a baseline blood sample is not available.” An
elevated beta-tryptase level in serum (>10 ng/mL) increases the
likelihood that anaphylaxis caused the death.” However, high
tryptase values have also been found in deaths of other causes,
casting uncertainty as to how MCs were activated to release this
protein, but nevertheless, still raising the possibility of an MC
activation—related death.*> Also, MC lysis, conceivably, may in-
crease tryptase levels in blood, so postmortem serum samples should
be taken as soon as possible and from peripheral blood vessels.”

Laroche et al® compared total tryptase blood levels in patients
with severe allergic reactions during anesthesia and patients with
shock from other causes, including patients with cardiac arrest,
showing that resuscitation maneuvers and treatment of shock, by
themselves, did not induce an increase in tryptase levels. An
elevated tryptase level strongly supported MC activation and the
diagnosis of anaphylaxis.®

In this patient, we found high total and beta-tryptase levels
in a serum sample extracted from a femoral artery 1 hour after
the onset of symptoms, with a total/beta-tryptase ratio of 3.7,
indicating premortem MC activation. Whether gadobenate-
induced anaphylaxis was IgE-mediated was not addressed,
because allergy skin tests could not be performed and an
in vitro drug-specific IgE test has not yet been developed.
Previous treatment with -blocker and angiotensin-converting
enzyme inhibitor drugs could have blunted the physiologic
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response to hypotension, thereby influencing the fatal
outcome. There was no previous exposure to gadolinium, but
hypersensitivity reactions to contrast media occur in 30% of
patients at first exposure.’ No other risk factors for severe
anaphylaxis were apparent. Additional studies addressing po-
tential risk factors such as obesity, hypertension, or medica-
tion and the role of potential biomarkers such as gadolinium
skin tests or basal serum tryptase level are needed to identify
patients at risk and to adopt preventive measures.

Autopsy was not performed and there was no evidence for
any underlying malignancy. The final cause of death was
cardiac arrest in association with a significant bleeding
diathesis. Fibrinogen can be cleaved by beta-tryptase,
impairing its ability to undergo thrombin-mediated fibrin
formation.” Indeed, fibrin deposits were markedly increased
in the skin of tryptase-deficient mice subjected to a passive
cutaneous anaphylaxis reaction.” Beta-tryptase prolongs the
thrombin-dependent clotting time in human plasma samples.”
Therefore, the anticoagulant activity of beta-tryptase likely
contributes to prolonged activated partial thromboplastin
time or prothrombin time values and to hemorrhagic episodes
reported in patients with anaphylaxis or mastocytosis.™
Undetectable fibrinogen levels and prolonged clotting times
in our patient were likely related to massive MC activation,
releasing beta-tryptase. Heparin, stored in MC secretory
granules and released in parallel with tryptase, also inhibits
thrombin-mediated clotting. Therefore, it has been proposed
as the relevant anticoagulant factor released from activated
MCs. However, heparin has shown less in vitro anticoagulant
activity than beta-tryptase.” Moreover, protamine adminis-
tered to our patient did not revert hemorrhage and prolonged
clotting times. Platelets would be incidentally decreased
because of consumption as well as because of the Extra
Corporeal Membrane Oxygenation device. In addition,
anaphylaxis could lead to disseminated intravascular coagu-
lation, which could also explain the coagulopathy, although
D-dimer fragment levels were not measured.'® In that case,
fibrinogen levels decrease although rarely to undetectable
levels. Whether MC activation may be present in all cases of
disseminated intravascular coagulation or not has not been
evaluated.

In conclusion, considering the high total and beta-tryptase
levels, we propose that systemic anaphylaxis to gadobenate
was the cause of death in this patient, with hemorrhage
occurring because of the secretion of B-tryptase, causing fibri-
nogenolysis. This cause of acute hemorrhage appears to be
understudied and underrecognized. Measuring mature tryptase
levels in more cases of suspected anaphylaxis associated with
bleeding would better indicate the prevalence of this event, and
raise the question of whether tryptase inhibitors could impact
their outcomes.
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