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Background: Adverse reactions induced by isoosmolar contrast medium (iodixanol) are mostly mild, with rashes and headaches
being the most common. Although anaphylactic shock has been reported, no related incidents have been documented on cerebral
angiography.

Objective: This article reports a serious case of anaphylactic shock possibly induced by iodixanol and provides an overview of the
case report.

Case Summary: A 65-year-old female with persistent headaches for nearly six months and CTA examination revealed multiple
intracranial aneurysms. After two treatments, she returned to the hospital for aneurysm of reexamination a month ago. Following
a preoperative assessment, cerebral angiography was performed. Three minutes after the procedure, the patient experienced dizziness,
increased heart rate, followed by hypotension (BP 90/43 mm Hg), a sudden drop-in heart rate (HR 68 bpm), and a drop in SpO2 to
92%. Intravenous dexamethasone for anti-allergic were administered immediately, along with therapy through oxygen-inhalation.
However, the patient then developed limb convulsions, unresponsiveness, and was urgently given diazepam for sedation and sputum
aspiration to maintain airway patency. Blood pressure decrease to 53/29 mm Hg, and SpO2 readings were unavailable. Intravenous
dopamine to elevates blood pressure, and assists breathing by intubating in the endotracheal. After 3 minutes, as the blood pressure
remained undetectable, intermittent intravenous epinephrine 1mg was administered to raise the blood pressure, gradually restoring it to
126/90 mm Hg, and SpO2 increased to 95%. The patient was diagnosed with iodixanol-induced anaphylactic shock and urgently
transferred to the NICU for monitoring and treatment. The patient died despite immediate treatment.

Conclusion: A 65-year-old female developed serious anaphylactic shock during cerebral angiography after receiving iodixanol.
Although iodixanol is considered one of the safest iodinated contrast mediums (ICM), clinicians should be aware of its the potential
for serious hypersensitivity reactions that can lead to fatal and life-threatening events.
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Introduction

Cerebral angiography, an X-ray examination method, involves the injection of iodinated contrast mediums (ICM) into the
carotid or vertebral arteries, contributing to the visualization of cerebral blood vessels and the diagnosis of conditions
such as intracranial aneurysms, vascular malformations, and craniocerebral space-occupying lesions.' Currently, the
common approach for cerebral angiography involves catheterization through the transradial approach and transfemoral
approach.” Meanwhile, ICM used in cerebral angiography are categorized as ionic, nonionic monomeric, and nonionic
dimeric compounds.>* Among them, nonionic monomeric mediums, with significantly lower osmolality compared to
ionic contrast mediums but still approximately twice that of plasma, are termed low-osmolar contrast mediums. These
included iohexol, iopromide, iopamidol, iopentol, ioversol, and iomeprol.*>® Nonionic dimeric agents, also known as
iso-osmolar contrast mediums, are represented as iodixanol.” Todixanol, characterized by its non-disassociation, neutral
charge, and isotonicity with plasma, exhibits a lower incidence of adverse reactions and a reduced risk of contrast-
induced nephropathy in high-risk patients compare to other ICM.”*
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In recent years, as the use of iodixanol has become more widespread, reports of related adverse reactions have
gradually increased, although most reactions remain minor.” Among these, rash, headache and other hypersensitivity
reactions are the most prevalent.'®!'" However, adverse events that are life-threatening, such as anaphylactic shock, can
occur after the use of ICM. In addition, acute adverse reactions, including nausea, urticaria, bronchospasm, laryngeal
edema, and hypotension, generally occur within 1 h of ICM administration. Skin testing is considered the best diagnostic
method for determining hypersensitivity reactions to ICM, while administration of adrenaline is typically the preferred
treatment for managing related adverse events caused by ICM. However, some severe complications and life-threatening
events cannot be completely treated or prevented.'*'® Anaphylactic shock induced by iodixanol in clinical applications is
an extremely rare adverse reaction.'* Although preventive measures such as antihistamines, corticosteroids, and
epinephrine have been employed,'® but individual variations in hypersensitivity reactions are significant, and preventive
measures cannot guarantee complete prevention. Furthermore, currently, there are no specific guidelines for preventing
hypersensitivity reactions to ICM in our country.'® Additionally, to date, there have been only a few cases of iodixanol-
induced anaphylactic shock have been reported, with no instances documented during cerebral angiography.

This report presents a case of severe anaphylactic shock induced by iodixanol, which was characterized by profound
hypotension, metabolic acidosis, respiratory failure, hyperkalemia, and cardiac arrest. This case report describes the
potential of iodixanol to induce serious hypersensitivity reactions during cerebral angiography.

Case Presentation

A 65-year-old female was admitted to our hospital in February 2023 due to “persistent headache for six months” and
CTA revealed multiple intracranial aneurysms. Subsequently, a digital subtraction angiography (DSA) was performed to
identify an aneurysm at the terminal bifurcation of the left middle cerebral artery (M1 segment), left posterior
communicating artery aneurysm, left ophthalmic artery aneurysm, right posterior communicating artery aneurysm, and
right ophthalmic artery aneurysm. During the injection of Iohexol, a rash appeared on the skin, which quickly resolved
with antiallergic treatment. The patient reported no discomfort upon discharge. In April 2023, the patient returned for
treatment of the right posterior communicating artery aneurysm and ophthalmic artery aneurysm. And no hypersensitivity
reaction occurred with iodixanol injection during the operation. A month ago, she was readmitted for reexamination of
the embolization status of the aneurysms.

During the cerebral angiography procedure, approximately 25 mL of iodixanol (Yangtze River pharmaceutical group,
Batch No: 23070461) was injected through a 5F Pigtail catheter for angiography of aortic arch. After completing the
aortic arch angiography, a 5F VER 135° single-curve catheter was used for cervical-vertebral angiography.
Approximately 3 mins after the injection of iodixanol into the ascending aorta through the 5F single-curve catheter
via the femoral artery sheath, the patient experienced dizziness, increased heart rate (HR 120 bpm), followed by
hypotension (BP 90/43 mm Hg), a sudden drop-in heart rate (HR 68 bpm), and SpO2 decreased to 92%. Intravenous
dexamethasone (10 mg) was immediately administered for antiallergic treatment, oxygen therapy via a mask for oxygen-
inhalation, accelerated fluid infusion and other anti-shock treatment measures. However, the patient subsequently
experienced tics of the limbs, foaming in the mouth and unresponsiveness, emergency administration of intravenous
diazepam (5 mg) for sedation, and aspiration of sputum to maintain airway patency. At this point, the blood pressure
continued to drop to 53/29 mm Hg, and no SpO2 reading was detected. Intravenous drip saline was accelerated, and
dopamine 20 mg was administered to increase the blood pressure. Endotracheal intubation and mechanical ventilation
were initiated to assist breathing. After ~3 mins, no blood pressure readings were obtained, and intermittent intravenous
boluses of epinephrine (1 mg) were administered immediately to raise the blood pressure (total of 4 mg). The blood
pressure gradually recovered to 126/90 mm Hg, and SpO2 gradually increased to 95%. However, the patient had
a Glasgow Coma Scale (GCS) score of 3, bilateral dilated pupils with a diameter of approximately 5 mm, no light
responsiveness, and no reaction to painful stimuli was observed. The patient was urgently transferred to the NICU for
further monitoring and treatment.

The patient remained in a deep coma state with bilateral fixed dilated pupils measuring approximately 5 mm.
Spontaneous breathing was not observed, and cardiopulmonary resuscitation was initiated to actively revive the patient’s
heartbeat. However, there was still no spontaneous breathing observed (the concentration of K dropped to 2.8 mol/L).
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After continuing with antiallergic, anti-shock, and correction of internal environmental disturbances, the patient was
transferred to the Intensive Care Unit (ICU) for further treatment.

After being transfer to the ICU, the patient remained in a deep coma state with bilateral dilated pupils measuring
approximately 3.5 mm. She had a delayed response to light reflex and shallow breathing. The patient was supported with
ventilator (FiO2, 90%) to maintain SpO2 above 90%. Blood pressure and heart rate were relatively stable after
intravenous of norepinephrine (10 mg) and epinephrine (2 mg), with HR was 102 bpm and BP was 108/63 mm Hg.
Continuous mild hypothermic brain protection therapy was administered. The patient experienced extensive subcuta-
neous bleeding in the lower limbs, coarse breath sounds in the lungs, dull heart sounds in the apex, absent bowel sounds,
low muscle tone in the limbs, and no lower limb edema. Analysis of arterial gas indicated: pH 7.38, PCO, 20.63 mmHg,
PO, 86.71 mmHg, K 5.04 mmol/L, Na* 155 mmol/L, Ca®" 0.84 mmol/L, Lac 17.60 mmol/L. Coagulation tests showed:
INR 1.75, PT 19.40 s, Fbg 0.78 g/L, TT 87.60 s, APTT 55.90 s (Key values of coagulation tests can be found in
Figure 1). The patient had abnormal coagulation function and received plasma to correct coagulation, the posterior
pituitary (36U/50 mL) and carbazochrome sodium sulfonate (80 mg/250 mL) for hemostasis, omeprazole (80 mg/
250 mL) to suppress acid, antiallergic and anti-shock treatment, and correction of internal environment disturbances.
Laboratory evaluations revealed the white blood cell count of 19.01x10~%/L, with 94.9% being neutrophils, and TNT-
HSST was 2210.00 ng/L (Changes in white blood cells and neutrophil percentages can be found in Figure 2). The alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and lactate dehydrogenase (LDH) levels were 317 U/L
(normal 7~40 U/L), 562 U/L (normal 13~35 U/L), and 1788 U/L (normal 109~245 U/L), respectively. IL-6 was
9168.38 pg/mL and procalcitonin (PCT) level was 49.71 ng/mL, prompting timely continuous renal replacement therapy
(CRRT). Afterwards, the patient’s condition deteriorated further (PH 6.9, K* 6.72 mmol/L, AST 953 U/L, ALT 1580 U/
L, SCR 350 pumol/L), with loss of light reflex and no response to painful stimuli in the limbs. And the patient’s severe
metabolic acidosis, persistent hyperlactacidemia, and severe internal environmental disturbances could not be corrected,
leading to continuous deterioration (key indicators of blood gas analysis, electrolyte levels, and liver and kidney function
tests are shown in Figure 3). Finally, the patient was declared dead due to rescue invalid as a result of anaphylactic shock,

disseminated intravascular coagulation, and multiple organ dysfunction.
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Figure | The changes in coagulation test results in the patient during before and after the occurrence of the allergic reaction. (A) Changes in international normalized ratio
(INR); (B) Changes in activated partial thromboplastin time (APTT); (C) Changes in thrombin time (TT); (D) Changes in fibrinogen levels. Negative values represent the
time before the allergic reaction, while positive values represent the time after the allergic reaction.
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Figure 2 The changes in white blood cell count (A) and percentage of neutrophils (B) in the patient during the before and after the occurrence of the allergic reaction.
Negative values represent the time before the allergic reaction, while positive values represent the time after the allergic reaction.
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Figure 3 The changes in pH level (A) and K* concentration (B) measured by blood gas analysis in the ICU after the occurrence of an allergic reaction of the patient. The
changes in electrolyte detection of K* (C) and Na* (D) in the patient during the before and after the occurrence of the allergic reaction; The change of alanine
aminotransferase (ALT) and aspartate transaminase aminotransferase (AST) in liver function (E) and creatinine (SCR) in renal function (F) was measured in the patient
during the before and after the occurrence of the allergic reaction. Negative values represent the time before the allergic reaction, while positive values represent the time
after the allergic reaction.

Discussion

Drug (including ICM)-induced hypersensitivity is a type of hyperacute reaction that affects multiple organs,'” and it is
a rapidly developing, acute, and life-threatening reaction.'® According to the mechanism defined by the hypersensitivity
reaction model, drug-induced hypersensitivity reactions can be divided into IgE or IgG-mediated allergies,'” where IgE-
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mediated hypersensitivity reactions are generally considered as acute and life-threatening systemic allergic reactions.'’
Mast cells and eosinophils play important roles in hypersensitivity reactions activated by IgE.?* As effector cells in IgE-
mediated allergic inflammatory diseases, mast cells typically cause hypersensitivity reactions through degranulation and
release of pro-inflammatory mediators after antigen crosslinking with the IgE receptor FceRI.?""*? Eosinophils, which
account for less than 1% of peripheral blood leukocytes, are prone to produce a large amounts of T helper 2 (Th2) cell
cytokines and play a critical role in the development of IgE-mediated chronic allergic inflammation. They act as initiators
rather than effectors.® It is worth noting that eosinophils also play a crucial role in IgG-mediated allergies.**
Anaphylactic shock is the most severe and life-threatening allergic reaction, and although adrenaline can alleviate life-
threatening symptoms of hypersensitivity reactions,” severe anaphylactic shock may develop resistance to adrenaline
and ultimately result in patient death.®

The main causes of hypersensitivity reactions are drugs, including ICM, and immediate reactions and non-
immediate or delayed reactions caused by ICM are relatively common.?” Research has shown that 37.26% of adverse
reactions to ICM occur within 5 mins, and 84.08% occur within 30 mins.*® Immediate reactions are generally
associated with severe hypersensitivity reactions.”” Although research has specifically indicated the safety and
good early tolerability of iodixanol, with most patients experience mild or no discomfort during its
administration.”'? However, investigations have shown that iodixanol mostly causes immediate reactions, with an
overall confirmation rate for delayed reactions of only 15%.>® Therefore, recently reported severe anaphylactic shock
caused by iodixanol (including this case) is an immediate reaction, characterized by a short occurrence time, severe
symptoms, and even death.'? In general, life-threatening immediate reactions are mediated by mast cells binding to
high-affinity IgE receptor FceRI,’' but some studies suggest that only a few cases reported clinically severe
hypersensitivity reactions are IgE-mediated type I immediate reactions.? Currently, measuring serum total mast
cell tryptase is the gold standard for laboratory detection of acute-phase allergies.>> Unfortunately, the tryptase levels
were not measured in this study. However, mast cells are key participants in allergic diseases and their activation
through the high-affinity IgE receptor FceRI leads to serious inflammatory reactions.>* Combined with the patient’s
history of allergy to iohexol and previous use of iodixanol, the occurrence of severe hypotension and shock during the
hypersensitivity reaction, with IL-6 9168.38 pg/mL, the patient also fits the characteristics of IgE-mediated type
I immediate reactions.

It is worth noting that the mechanism underlying the severe hypotension accompanying severe anaphylactic shock
has not yet been elucidated, but there are measures that can reduce the incidence of hypersensitivity reactions. In
particular, in the reported case, the patient had a history of allergy to iohexol, and although there was no hypersensi-
tivity reaction during the second use of iodixanol, taking certain preventive measures can greatly reduce the occurrence
of severe medical accidents. For example, preheating the contrast media is useful in avoiding adverse reactions,*> and
skin testing is useful for diagnosing ICM allergies, selecting safe ICM, and preventing the recurrence of hypersensi-
tivity reactions caused by the same ICM,?” particularly in relation to immediate reactions associated with severe
reactions caused by ICM, which are often confirmed by positive skin test results.”’ Especially for patients with
a history of ICM allergy, studies have used graded dosing protocols, administering 1% of the total expected dose 1
h before surgery, an additional 10% 30 mins before surgery, followed by the final injection in the operating room, with
no adverse reactions occurring specifically.>® These data, based on allergy history and skin testing, are effective in
preventing the recurrence of contrast media-induced hypersensitivity reactions. However, further prospective research
is necessary to ensure patient safety.’’ In addition, it is important to thoroughly assess the patient’s allergy history and
contraindications before using ICM. The examination room should also be equipped with emergency medications such
as adrenaline, H1 histamine receptor blockers, dexamethasone, atropine, saline or Ringer’s solution, and antiepileptic
drugs (such as diazepam). It is also necessary to establish an emergency reinforcing mechanism in collaboration with
the emergency department or other relevant clinical departments for the rescue of adverse reactions to iodinated
contrast mediums, ensuring that in the event of an adverse reaction, clinical physicians can promptly arrive at the scene
for rescue if needed.
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Conclusion

Our report suggests that even iso-osmolar, non-ionic, the iodixanol can induce severe anaphylactic shock, which is
difficult to predict and prevent. For patients who have received iodinated contrast mediums multiple times, closer
monitoring of their condition is warranted. Once a patient experiences anaphylactic shock, early diagnosis and timely,
standardized salvage therapies should be implemented. Although skin testing can help detect hypersensitivity reactions
mediated by iodinated contrast mediums, doctors should not rely solely on the results of skin test results. Before using
iodinated contrast mediums, healthcare personnel should be fully prepared for any potential adverse reactions and be
ready to respond to emergency situations.
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