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Comparison of ioversol and
lodixanol related adverse drug
reactions in cerebrovascular
interventional procedures

Ai-bin. Guo?, Zhi-qi. Yang*™’, Bin. Zhao?, Yuan-ming. Li, Ya-xuan. Wei', Shao-ju. Shao?,
Guo-zhen. Zhang?, Hui-sheng. Chen3* & Rong. Yin2**

The incidence of iodinated contrast media (ICM)-related adverse drug reactions (ADRs) varies
significantly by procedure type. Compared other procedure types, cerebrovascular interventional
procedures substantially increase the incidence of contrast-induced encephalopathy (0.38-2.90%).
The associations of ioversol (nonionic low-osmolal ICM) with central nervous system (CNS) ADRs and
iodixanol (nonionic ios-osmolal ICM) with cutaneous ADR manifestations have been establishe. This
study aimed to compare the incidence of CNS ADRs and evaluate the occurrence, extent, and risk
factors for ADRs associated with ioversol and iodixanol use during cerebrovascular interventional
procedures. We conducted a prospective study involving 1,015 participants with suspected
cerebrovascular diseases from July 2019 to July 2022. Participants underwent cerebrovascular
interventional procedures with either iodixanol or ioversol administration. Data on ioversol and
iodixanol-related CNS ADRs, data on other ADRs, and participants’ baseline information were
collected. Out of 848 participants (average age, 61.5+12.6 years; 205 females) who received ICM,
16.7% (142 of 848) experienced CNS ADRs. Compared with iodixanol, ioversol was associated with

a greater rate of CNS ADRs (12.6% vs. 21.1%, P=0.001, RR=1.666). lodixanol was associated with
higher rates of numbness and blurred vision (29.1% vs. 14.9%, P=0.042), whereas ioversol was
associated with higher incidences of headache and overall ADRs during the procedures (20.0% vs.
46.0%, P=0.002). Logistic regression analysis revealed that a history of allergic diseases was a risk
factor for iodixanol-related ADRs (odds ratio [OR], 2.5; 95% confidence interval [CI]: 1.2-4.9; P=0.010).
Severe cerebral vascular stenosis (OR, 2.8; 95% Cl: 1.8-4.4; P<0.001), female sex (OR, 0.5; 95% Cl:
0.3-0.8; P=0.005) and relatively young age (OR, 0.97; 95% CI: 0.95-0.99; P=0.004) were risk factors for
ioversol-related ADRs. lodixanol appears to have a lower likelihood of causing ICM-related CNS ADRs
than does ioversol during cerebrovascular interventional procedures.

Keywords Iodinated contrast media, Drug-related adverse reactions, Central nervous system adverse drug
reactions, Cerebrovascular interventional procedures

Iodinated contrast media (ICM) have become indispensable in endovascular imaging and procedures,
particularly in cerebrovascular interventional procedures such as cerebral angiography, intra-arterial mechanical
thrombectomy for acute ischaemic stroke, and endovascular treatment for cerebral stenosis or aneurysms. In the
US, the approximately 75 million computed tomography (CT) scans are performed annually, and ICM is utilized
in half of them®.

Statistics from China’s advanced stroke centres indicated a significant increase in the use of mechanical
thrombectomy, increasing sharply from 1,821 procedures in 2014 to 29,580 procedures in 20192 Concurrently,
as the clinical application of ICM in cerebrovascular diagnostic imaging and interventional procedures has
expanded, reports of ICM-related adverse drug reactions (ADRs) have increased®>. These ADRs, which
range from allergic-like to physiological events, can be categorized by severity into mild, moderate, and severe
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reactions. While the majority of these events are noncritical, severe manifestations, especially contrast-induced
encephalopathy (CIE)*=, have garnered increased attention because of their potential implications for the
central nervous system (CNS).

The existing data indicate that the incidence of ICM-related ADRs in patients undergoing enhanced CT or
magnetic resonance imaging (MRI) examinations ranges from 0.13-0.99%°°. However, studies focusing on
coronary angiography suggest increased frequencies of acute ADRs ranging from 3.6 to 12.7%, and delayed
ADRs ranging from 15.1-24.8%'%!!. The incidence of ICM-related ADRs is low, with the majority of cases being
noncritical. However, identifying severe manifestations, such as CIE, is crucial in clinical practice. The incidence
of CIE in the coronary artery pathway is between 0.13% and 0.51%'%!3, this incidence is notably greater in the
cerebrovascular pathway, ranging from 0.38-2.90%*!*15, This underscores the challenges in extrapolating data
on coronary contrast-related ADRs to cerebrovascular ADRs, suggesting that the incidence and symptoms of
ICM-related ADRs might differ on the basis of the intervention route.

Previous research has demonstrated that nonionic low-osmolal iodinated contrast media (LOCM)
predominantly results in CNS symptoms'S, whereas nonionic iso-osmolal iodinated contrast media (IOCM)
primarily causes cutaneous system symptoms'”. These findings suggest that specific ICM types might predispose
patients to distinct patterns of ADRs, especially concerning CNS events. However, there remains a glaring gap
in research—the absence of a systematic study furnishing clinical evidence on the best ICM type for use in
cerebrovascular interventional procedures. Previous ICM-related ADR studies have been retrospective, and
researchers often ignore transient and mild ADRs during intravascular ICM injection®®.

In this prospective, randomized controlled trial, we compared ADRs associated with ioversol (LOCM) and
iodixanol (IOCM). Our objective was to determine the incidence of CNS ADRs and to delineate the occurrence,
magnitude, and risk factors for other ADRs associated with the use of these agents during cerebrovascular
interventions. To date, no substantial studies have focused on elucidating the frequency and severity of CNS
ADRs by comparing ioversol and iodixanol in this context.

Materials and methods

Study design and participants

All participants or their representatives provided written informed consent before entering the trial. All
identifiable participant data were anonymized. This study was a double-blind, monocentric, randomized
controlled trial aimed at evaluating CNS and overall ADRs associated with ioversol and iodixanol use during
cerebrovascular interventional procedures. The research took place from July 2019 to July 2022. Neither patients
nor the public were involved in the design, conduct, reporting, or dissemination plans of our research. The trial
has been reported in line with the Consolidated Standards of Reporting Trials (CONSORT) Guidelines'®. We
confirmed that all methods were performed in accordance with the American College of Radiology Manual on
Contrast Media 2019. The study protocol received approval from the Ethics Committee of the 940th Hospital
of Joint Logistics Support Force of the Chinese People’s Liberation Army (Approval No. 2018KYLL082). We
registered this study on the Chinese Clinical Trial Registry and received a trial number (www.chictr.org.cn,
ChiCTR1900024679, 20/07/2019).

The inclusion criteria were as follows:! suspected cerebrovascular disease, encompassing cerebral arterial
thrombosis, transient ischaemic attack, aneurysm, arteriovenous malformation, arteriovenous fistula, venous
thrombus, or idiopathic intracranial hyper'[ension;2 reexamination for cerebrovascular disease; and’® the
provision of informed consent.

The exclusion criteria for participants were as follows:! were under 18 years of age;* had local infection at the
puncture site;> were pregnant or breastfeeding;! had a cerebral hernia;® were on dialysis;® had an international
normalized ratio (INR)>1.7 or platelet count<100x 10A9/L;’ had a KILLIP class>1II or a New York Heart
Association class > IIL;* had severe nervous system injury diseases (National Institutes of Health Stroke Scale
score>5);? could not communicate normally due to deafness, aphasia, a psychiatric disorder, or general
anaesthesia (patients undergoing cerebrovascular interventional procedure for arterial vascular malformation,
acute ischaemic stroke, aneurysms, or intracranial vascular stenosis); and!® had hyperthyroidism.

Randomization and masking

Random numbers were generated for participant assignment to either the iodixanol or ioversol group at a 1:1
ratio using SPSS 25.0. Both assessors and participants remained blind to the treatment allocation. The sealed
randomization list was unsealed only in cases of severe ADRs necessitating treatment intervention.

Procedures

A detailed medical history covering patient baseline characteristics, previous allergic reactions, laboratory test
results, specifics on ioversol and iodixanol administration, and details of any AE occurrence was obtained prior
to ioversol and iodixanol administration.

Before enrolling, participants agreed to provide informed consent according to the American College
of Radiology (version 10.3) standards. Preprocedural medication procedures were followed. Iodixanol
(Visipaque320, GE Healthcare Ireland, Supplemental Table 3) or ioversol (Optiray320, Mallinckrodt Medical,
Supplemental Table 3) was used, as dictated by the random assignment table.

To ascertain the accuracy of the ADRs induced by ioversol and iodixanol, the symptoms of new-onset
ADRs following the injection of ioversol and iodixanol were evaluated by two neurologists in an independent
assessment.
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Outcomes

The primary outcome was the incidence of CNS ADRs induced by ioversol and iodixanol during and after
the procedures. The secondary outcomes included the frequency, severity, and risk factors for ioversol- and
iodixanol-related ADRs. A patient’s new symptoms of discomfort were not considered ioversol- or iodixanol-
related ADRs until ioversol and iodixanol were injected into their artery. ADRs were graded as mild in patients
whose symptoms were self-limited without evidence of progression, moderate in patients whose symptoms
were more pronounced and required medical management, severe in patients showing symptoms were life-
threatening and resulted in permanent morbidity or death if not managed appropriately'®. Further details on
ADR classification are provided in supplementary information Table 1. ADRs were evaluated by two independent
neurologists not involved in the procedures. Discrepancies were settled by a senior neurologist. Assessments for
acute ADRs were performed during and one hour after the procedure, whereas delayed ADRs were assessed at
intervals of 1, 2,and 7 days after the procedure.

Statistical analysis

Baseline data are summarized using standard descriptive statistics. Continuous variables were evaluated
using t- tests, and categorical variables were evaluated through the X? test. Kaplan-Meier curves were used to
compare the cumulative incidence of ADRs to 7 days after randomization, which was tested by the log-rank test.
Associations between potential risk factors and ioversol and iodixanol-related ADRs were explored using binary
logistic regression. Significant potential risk factors were identified by univariate logistic regression analyses (¢
test or X2 test) (P<0.05), and subsequently entered into a multivariate logistic regression analysis with candidate
variables of risk factors from previous studies to identify risk factors (P<0.05). Analyses were conducted using
SPSS version 25.0, with statistical significance set at P<0.05.

Results

Baseline information of the loversol group and lodixanol group

A total of 1015 participants were assessed for eligibility. Among these participants, 916 met the eligibility and
exclusion criteria and were subsequently randomized. Specifically, 462 participants received iodixanol, whereas
454 received ioversol. Sixty-eight participants (27 from the iodixanol group and 41 from the ioversol group) were
subsequently excluded because they withdrew from the follow-up after their respective procedures.

The final analysis incorporated data from 848 participants (Fig. 1). The average age of these participants was
61.5+12.6 years, and the sample included 205 females. Notably, the baseline characteristics, such as personal
and medication histories, were evenly distributed between the two groups, as shown in Table 1. The proportions
of participants who received various types of interventions are shown in supplementary information Table 2.

Todixanol Toversol P

(n=435) (n=413) value
Age (years) (mean +SD) 61.36+12.56 | 61.61+12.59 | 0.769
Female 104 (23.9) 101 (24.5) 0.852
BMI (kg/mz)(meant SD) 24.15+3.09 |24.04+3.26 |0.631
Smoking 241(55.4) | 209(50.6) | 0.162
Abnormal liver function *(mean+SD) | 51 (11.7) 48 (11.6) 0.963
Allergic disease? 36 (8.3) 35(8.5) 0.917
Hypertensive disease 298 (68.5) 285 (69.0) 0.875
Diabetes 119 (27.4) | 108(262) | 0.692
Atrial fibrillation 11 (2.5) 9(2.2) 0.737
Coronary heart disease 42(9.7) 34 (8.2) 0.468
Cholesterol level (mmol/L) 3.76£1.07 3.79+0.97 0.698
Triglyceride level (mmol/L) 1.59+£0.94 1.58+0.76 0.893
Homocysteine level (umol/L) 21.20+16.99 | 19.16+14.33 | 0.062
Creatinine level (umol/L) 68.94+17.24 | 69.29+16.77 | 0.765
Medications
Metformin hydrochloride 67 (15.4) 62 (15.0) 0.874
B-blocker 42 (9.7) 25(6.1) 0.052
Previous exposure to ICM 106 (25.4%) | 100 (25.6%) | 0.927

Table 1. Baseline clinical characteristics of the participants in the two Groups. Note.—?Alanine
aminotransferase > 40 U/L or aspartate aminotransferase >40 U/L; YAllergic disease was defined as the
presence of any of the following: bronchial asthma, allergic rhinitis, atopic dermatitis, urticaria, drug allergy
(antibiotics, NSAID, sulfa, or pyrine), or food allergy; Data are presented as the number of participants, with
percentages shown in parentheses. BMI=body mass index.
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Fig. 1. Patient flowchart delineating (a) the number of eligible participants assessed for enrolment, (b)
enrolment outcomes (inclusions/exclusions and reasons), and (c) final cohort allocation with complete

adverse drug reaction data ascertained for analysis of the ioversol and iodixanol groups. INR = International
normalized ratio, NYHA = New York Heart Association.

Primary outcomes

Among the 848 participants analysed in this study, 142 (16.7%) experienced CNS ADRs. Importantly, some
participants reported experiencing multiple symptoms. When the two groups were compared, ioversol had a
statistically significant association with a higher rate of CNS ADRs. Specifically: in the iodixanol group: 55 out
of 435 participants (12.6%) experienced CNS ADRs; in the ioversol group: 87 out of 413 participants (21.1%)
experienced CNS ADRs. The difference was statistically significant (P=0.001, RR=1.666), The risk of CNS
ADRs was 1.67 times greater in patients who received ioversol injections than in those who received iodixanol
injections. Ioversol was associated with greater rates of headache: 11 of 55 (20.0%) for iodixanol vs. 40 of 87
(46.0%) for ioversol (P=0.002); iodixanol was associated with greater rates of numbness: 5 of 55 (9.1%) for
iodixanol vs. 1 of 87 (1.1%) for ioversol (P=0.032); and iodixanol was associated with greater rates of blurred
vision: 16 of 55 (29.1%) for iodixanol vs. 13 of 87 (14.9%) for ioversol (P=0.042). There was no significant
difference in the occurrence of other CNS symptoms between the iodixanol and ioversol groups. These results
are described in Table 2.
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Iodixanol | Ioversol | P

Outcome (n=435)? | (n=413)? | value
Primary outcome:

CNS ADRs 55(12.6) |87(21.1) |0.001"
Headache 11(20.0) 40(46.0) 0.002"
Dizziness 29(52.7) 40(46.0) 0.433
Numbness 5(9.1) 1(1.1) 0.032"
Dysphonia 1(1.8) 1(1.1) 0.742
Blurred vision 16(29.1) 13(14.9) 0.042°
Altered taste, 1(1.8) 2(2.3) 0.846
Seizures 0(0.0) 1(1.1) 1.000
Secondary outcomes:

Total of ADRs 123 (28.3) | 143 (34.6) | 0.046
Acute ADRs? 89(20.5) |123(29.8) | 0.002"
Delayed ADRs® 50 (11.5) | 31(7.5) 0.048"

Severity of adverse drug reactions
Mild? 98 (22.5) | 133(32.2) | 0.002"
Moderate and severe® 25(5.7) 10 (2.4) 0.015

adverse drug reactions

GI system/ 21 (4.8) 25 (6.1) 0.431
Cutaneous system$ 24 (5.5) 7 (1.7) 0.003"
Musculoskeletal system" 23 (5.3) 17 (4.1) 0.421
Cardiovascular system’ | 7 (1.6) 10 (2.4) 0.399
Respiratory system/ 4(0.9) 4(1.0) 0.941
Urinary system* 6(1.4) 6(1.5) 0.928
VNS! 17(3.9) 24 (5.8) 0.197
Fever™ 1(0.2) 1(0.2) 0.971

Table 2. Trial outcomes. Note.—?Patients could report experiencing multiple symptoms; *Acute adverse
drug reactions occurring within 1-h post-ICM administration; ¢ Delayed adverse drug reactions occurring

1 h to 2 weeks post-ICM administration; *Mild symptoms were self-limited without evidence of progression;
¢ Moderate symptoms were more pronounced and commonly required medical management; aevere
symptoms were often life-threatening and could result in permanent morbidity or death if not managed
appropriately; f GI system included nausea, vomiting, or abdominal pain ; £ Cutaneous system included rash,
urticaria, erythema, pruritus, or cutaneous oedema; "Musculoskeletal system included limb numbness or
pain; ? Cardiovascular system included chest discomfort, palpitations, cardiopulmonary arrest; /Respiratory
system included dyspnoea, hoarseness, wheezing, or cyanosis; ¥Urinary system included dysuria or kidney
injury; ' VNS included vasovagal reaction or hypertension; ™Fever was defined as a temperature >37.3 °C; * p
value <0.05. CNS =central nervous system, GI = gastrointestinal, VNS = vegetative nervous system.

Secondary outcomes

Among the 848 participants analysed in this study, 266 (31.4%) experienced ioversol and iodixanol-related
ADRs. Toversol was associated with a greater overall occurrence of ADRs: 143 of 413 participants (34.6%) for
ioversol vs. 123 of 435 participants (28.3%) for iodixanol. The difference was statistically significant (P=0.046,
RR=1.225). The risk of ADRs was 1.22 times greater in patients who received ioversol injections than in those
who received iodixanol injections. The Kaplan-Meier curves for the cumulative incidence of ADRs until 7 days
after randomization are shown in Fig. 2. The incidence of ADRs in the ioversol group was significantly greater
than that in the iodixanol group (log-rank P=0.041). When we analysed the occurrence of ADRs according
to timing, iodixanol was linked to a higher rate of delayed ADRs: 50 of 435 (11.5%) participants vs. 31 of 413
(7.5%) participants for ioversol (P=0.048); however, ioversol had a higher rate of acute ADRs: 89 of 435 (20.5%)
participants for iodixanol vs. 123 of 413 (29.8%) participants for ioversol (P=0.002).

When we analysed the occurrence of ADRs according to severity, iodixanol was associated with greater rates
of moderate and severe ADRs: 25 of 435 (5.7%) participants for iodixanol vs. 10 of 413 (2.4%) participants for
ioversol (P=0.015); ioversol was associated with a greater rate of mild ADRs: 98 of 435 (22.5%) participants for
iodixanol vs. 133 of 413 (32.2%) participants for ioversol (P=0.002).

With respect to other symptoms of ioversol- and iodixanol-related ADRs, iodixanol was associated with a
greater rate of cutaneous symptoms of ADRs: 24 of 435 (5.5%) participants for iodixanol vs. 7 of 413 (1.7%)
participants for ioversol (P=0.003). There was no significant difference in other clinical symptoms between the
two groups.
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Fig. 2. Time-to-ADRs by day 7. Kaplan-Meier curves for the cumulative incidence of ICM-related ADRs from
randomization to day 7 after cerebrovascular interventional procedures.

Risk factors for the occurrence of ioversol- and iodixanol-related ADRs

Iodixanol

A history of allergic disease was identified as a significant risk factor for iodixanol-related ADRs. Among the
participants who experienced ADRs, 13.8% had a history of allergic disease, whereas 6.1% did not (P=0.008)
(Table 3). Univariate logistic regression revealed that a history of allergic disease (OR: 2.5; 95% CI: 1.2-4.9;
P=0.010) was a risk factor for iodixanol-related ADRs. Even after adjusting for age, hypertension, and diabetes,
multiple logistic regression confirmed a history of allergic disease (OR: 2.6; 95% CI: 1.3-5.1; P=0.008) as a
dependent risk factor for iodixanol-related ADRs (Fig. 3).

Toversol

Age, female sex, intraoperative hypertension, and severe cerebral vascular stenosis were identified as candidate
risk factors for ioversol-related ADRs: Age: participants who experienced ADRs (59.1 + 14.1 years) vs. those who
did not experience ADRs (63.0 + 11.5 years) (P=0.005); female sex: participants who experienced ADRs (13.8%)
vs. those who did not experience ADRs (6.1%) (P=0.008); and intraoperative hypertension: participants who
experienced ADRs (65.0%) vs. those who did not experience ADRs (75.2%) (P=0.029). Severe cerebral vascular
stenosis: With ADRs (60.1%) vs. without ADRs (38.5%) (P=0.001) (Table 3). Multiple logistic regression
identified severe cerebral vascular stenosis (OR: 2.8; 95% CI: 1.8-4.4; P<0.001), female sex (OR: 0.5; 95% CI:
0.3-0.8; P=0.005), and a relatively young age (OR: 0.97; 95% CI: 0.95-0.99; P=0.004) as dependent risk factors
for ioversol-related ADRs (Fig. 3).

Discussion
The correlation between the type of contrast medium used (ioversol vs. iodixanol) and the onset of ICM-related
ADRs in patients undergoing cerebrovascular interventional procedures remains unclear because of the lack of
extensive randomized clinical trials. In our study, we found that ioversol had a greater propensity for CNS-related
ADRs than did iodixanol in this procedural context. Specifically, acute ADRs were more prevalent in the ioversol
group, whereas the iodixanol group experienced more delayed ADRs and skin reactions. Our study, which
was a randomized control trial on this topic, revealed that the majority of ICM-related ADRs predominantly
impact the CNS (142 of 266, 53.3%), a finding that is distinct from studies focused on intravenous and cardiac
catheterization methods®!®!!. These discrepancies can be attributed to the direct injection of ICM into the
carotid artery, which can notably increase areas of blood-brain barrier (BBB) disruption®’. This mechanism
can explain the increased rate of CNS ADRs in patients undergoing cerebrovascular interventional procedures.
The overall incidence of ADRs in this study was 31.4% (266 of 848), which was similar to the results of
previous studies (33.2-37%) of cerebral angiography??> and was significantly greater than that reported in
previous intravenous and coronary angiography studies. In previous studies of ICM-related ADRs, investigators
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Iodixanol(n=435) Toversol(n=413)

Patients who Patients who did not Patients who Patients who did not

experienced ADRs | experience ADRs P experienced ADRs | experience ADRs P

(n=123) (n=312) Value | (n=143) (n=270) Value
Age (years) (mean) 60.11+£13.59 61.85+12.13 0.192 | 59.08+14.10 62.95+11.52 0.005"
Female sex 29 (23.6) 75 (24.0) 0.919 |45 (31.5) 56 (20.7) 0.016"
BMI (kg/m?) 23.91+3.49 24.24+291 0.332 |23.83+3.25 24.15+£3.26 0.354
Abnormal liver function? 11 (8.9) 40 (12.8) 0.258 |16(11.2) 32(11.9) 0.841
Allergic disease? 17(13.8) 19 (6.1) 0.008" | 12 (8.4) 23 (8.5) 0.965
Hypertensive disease 84 (68.3) 214 (68.6) 0.952 |92 (64.3) 193 (71.5) 0.135
Diabetes 34 (27.6) 85 (27.2) 0.933 |37 (25.9) 71 (26.3) 0.926
Atrial fibrillation 4(3.3) 7(2.2) 0.546 |3(2.1) 6(2.2) 0.924
Coronary heart disease 10 (8.1) 32(10.3) 0.499 | 7(4.9) 27 (10.0) 0.073
Cholesterol level (mmol/L) 3.70+£1.04 3.79+1.08 0.401 |3.91+1.07 3.73+£0.91 0.076
Triglyceride level (mmol/L) 1.47+0.73 1.64+1.01 0.097 | 1.67+0.92 1.54+0.67 0.157
Homocysteine level (umol/L) 20.92+17.16 21.31+17.16 0.835 | 19.93+16.58 18.75+13.01 0.468
Creatinine level (umol/L) 70.35+17.66 68.39+17.07 0.285 |67.52+17.14 70.23+16.53 0.119
Medications
Metformin hydrochloride 18 (14.6) 49 (15.7) 0.780 |19 (13.3) 43 (15.9) 0.475
Beta-blockers 14 (11.4) 28 (9.0) 0444 |11(7.7) 14 (5.2) 0.309
Previous exposure to ICM 42 (34.1%) 89 (28.5%) 0.250 | 35(24.5%) 79 (29.3%) 0.301
Procedural characteristics
Volume of ICM used (mL) 163.93+36.15 161.71+£39.74 0.591 | 172.64+49.85 164.97 £41.89 0.098
Intraoperative hypertension 90 (73.2) 210 (67.9) 0.287 |93 (65.0) 203 (75.2) 0.029°
Severe cerebral vascular stenosis®? | 55 (44.7) 141 (45.2) 0.928 |86 (60.1) 104 (38.5) 0.001"

Table 3. Risk factors for iodinated contrast Media-Induced adverse drug reactions in the two Groups. Note.—
%Aanine aminotransferase > 40 U/L or aspartate aminotransferase > 40 U/L.’Allergic disease was defined as
any of the following conditions alone or in combination: bronchial asthma, allergic rhinitis, atopic dermatitis,
urticaria, drug allergy (antibiotics, NSAID, sulfa, or pyrine), or food allergy. “Severe cerebral vascular stenosis
was defined as a stenosis rate > 70%. 9The cerebral vasculature includes the common carotid artery, internal
carotid artery, subclavian artery, vertebral artery, basilar artery, anterior cerebral artery, middle cerebral
artery, and posterior cerebral artery. * p value <0.05. BMI =body mass index, ICM =iodinated contrast media,
ADRs=adverse drug reactions.

Adjusted 95% C1 P Value
OR

odixanol : Age (years) 0.974 0.956-0.992 i 0.004"
Female sex 0495  0305-0.805  re! 0.005"

Toversol Intraoperative hypertension 0.676 0.410-1.117 ,_._L. 0.127
Severe cerebral vascular stenosis 2816 1.819-4.359 i —_ <0.001"

Age (years) 0.987 0.969-1.004 ¢ 0.140

Allergic disease® 2.561 1.274-5.148 ; ‘ . ‘ 0.008"

lodixanol Hypertensive disease 1.029 0.632-1.675 '—f—< 091

Diabetes 1.056 0.646-1.726 '—’—' 0.827

0 2 4 6

Fig. 3. Multiple logistic regression analysis according to ioversol and iodixanol-related risk factors. *Allergic
disease was defined as the presence of any of the following: bronchial asthma, allergic rhinitis, atopic
dermatitis, urticaria, drug allergy (antibiotics, NSAID, sulfa, or pyrine), or food allergy."P value <0.05,
CI=confidence interval, OR = odds ratio.
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generally ignored transient neurological ADRs (headache, dizziness, etc.), although we still rigorously included
these transient ICM-related ADRs in the statistical indicators of the study according to the criteria of the ACR
Handbook of Contrast Agents (2020)'. Previous experiments have demonstrated that ICM has time- and
concentration-dependent cytotoxic effects, with the degree of disruption to the BBB dependent on the osmolality
of the ICM?*?*, Compared with iodixanol, ioversol, an LOCM, is characterized mainly by high osmotic pressure
(Osmoality at 37 °C; iodixanol vs. ioversol: 290mOsm/kg.H,O versus 710 mOsm/kg.H,0). Previous studies in
animals have shown that intracarotid injection of ICM has the potential to disrupt the BBB, with subsequent
leakage from the bloodstream into the brain parenchyma. The degree of disruption of the BBB has been shown
to depend on the osmolality of the injected material®>-*’. We found that CNS ADRs were more common with
the use of ioversol (iodixanol vs. ioversol: 55 of 435, 12.6% versus 87 of 413, 21.1%, P=0.001), suggesting that its
osmotoxicity might be responsible for the higher rate of CNS symptoms and acute ADRs in the given procedures.
Past experiments have also indicated that iodixanol has a relatively mild effect on blood flow and headaches?8,
which aligns with our findings. The trial also mirrors European trials indicating that iodixanol tends to cause
less injection-related pain?’, and that iodixanol was associated with greater rates of blurred vision, which was
in agreement with a previous study reporting a higher incidence of visual symptoms (such as flashing lights)
induced by iodixanol than by ioxaglate in patients undergoing cerebral arteriography™. These results might
be related to the increase in infiltrating inflammatory cells, vasodilation, and macrophage degranulation after
iodixanol administration®.. Furthermore, our findings align with the literature indicating a greater likelihood
of delayed ADRs and skin reactions in patients receiving iodixanol'®!1*2, However, the detection of risk factors
for severe ICM-related ADRs and ICM-induced encephalopathy is of clinical importance. Nevertheless, in the
present study, only 3 severe ADRs were reported; thus, we combined the data of moderate and severe ADRs for
statistical analysis. The results revealed that patients with a history of allergic disease are especially vulnerable
after iodixanol administration®, with many requiring intervention with hydrocortisone or antihistamines. For
ioversol-related risk factors, our observations align with prior research pinpointing demographic factors, such as
patinets who are younger and female, as vulnerable subgroups®. On the basis of previous studies that considered
stroke®!5 as a risk factor, our results further demonstrated that severe cerebrovascular stenosis may be a potential
risk factor.

Osmolality may be the primary determinant of CNS ADRs in patients undergoing cerebrovascular
interventional procedures. Ioversol exacerbates BBB injury via osmotic cytotoxicity, whereas iodixanol’s lower
osmolality reduces CNS risk but predisposes patients to immune-mediated delayed reactions. The distinct
physicochemical properties of ioversol and iodixanol underlie their differential risk profiles. Ioversol-related
ADRs were significantly associated with younger age, female sex, and severe cerebrovascular stenosis in this
study. Conversely, iodixanol-related ADRs were predominantly linked to a history of allergic disease.

Our study’s strength lies in its pioneering nature—it isthe first of its kind to evaluate the effects of iodixanol
and ioversol on CNS-related ADRs during cerebrovascular interventional procedures. However, this study is not
without its limitations. The assessment of mild ADRs is primarily based on participants subjective experience of
discomfort following the injection of ICM, for which there is a paucity of more objective evaluation indicators.
Furthermore, being a single-centre study with a moderately sized sample precludes wide generalizations. Finally,
the lack of immunological evaluations and skin biopsies curtails the understanding of the interplay between the
immune system and ICM-related ADRs in this study.

Conclusions

Iodixanol appears to be safer for patients undergoing cerebrovascular interventional procedures, with a reduced
risk of CNS ADRs compared with ioversol, but it causes were more delayed and cutaneous symptom ADRs. A
younger age, female sex and severe cerebral vascular stenosis were significant risk factors for ioversol-related
ADRs. A history of allergic disease was a significant risk factor for iodixanol-related ADRs. However, these
observations necessitate validation in larger-scale, diverse, and multicentre randomized controlled trials.

Data availability

Prior to the start of the study, we registered on the Chinese Clinical Trial Registry and received a trial number
(www.chictr.org.cn, ChiCTR1900024679). All data generated or analysed during this study are included in this
published article and its supplementary information files.
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