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Gadolinium-based contrast agents (GBCAs) are critical for enhancing 

mag- netic resonance imaging (MRI), improving diagnostic accuracy in 

over 30 mil- lion annual administrations worldwide. Despite their 

utility, GBCAs are as- sociated with adverse reactions, including 

allergic-like responses, anaphylaxis, nephrogenic systemic fibrosis 

(NSF), and gadolinium retention in tissues, even in patients with 

normal renal function. This systematic review investigates GBCA 

safety, risk factors, and mitigation strategies by analyzing 32 clini- cal 

studies (n=1,245,678 administrations) from 2010 to 2025. We 

quantified reaction incidence (mild, moderate, severe), identified key 

risk factors (e.g., allergy history, renal impairment, GBCA type), and 

evaluated management protocols. Descriptive analyses revealed higher 

reaction rates with linear GB- CAs (1.0– 1.2%) compared to 

macrocyclic agents (0.1– 0.3%), with prior con- trast reactions and 

renal dysfunction as significant predictors. Premedication and rapid-

response protocols effectively reduced risks. While severe reactions are 

rare (<0.01%), concerns about NSF and gadolinium retention 

necessitate cautious use. This study underscores the importance of pre-

administration screening, preferential use of macrocyclic GBCAs, and 

standardized safety protocols. Recommendations include enhanced 

patient risk assessment and adoption of safer agents to minimize 

adverse outcomes. Continued research is critical to elucidate the long-

term effects of gadolinium retention and optimize risk management, 

ensuring patient safety in MRI diagnostics. 
 

© 2025 by the Author(s). Published by IJAR under CC BY 4.0. Unrestricted use allowed 

with credit to the author. 
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Introduction:- 
1.1 Background 

Magnetic resonance imaging (MRI) is a cornerstone of non-invasive diagnostic imaging, offering high-resolution 

visualization of soft tissues, organs, and pathological conditions without ionizing radiation (1). Gadolinium-based 

contrast agents (GBCAs) are administered in approximately 30% of MRI scans to enhance contrast, improving the 

detection of vascular anomalies, tumors, and inflammatory processes (2). With over 30 million doses administered 

annually, GBCAs are integral to modern radiology (3). 
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GBCAs are chelated compounds where gadolinium, a paramagnetic lanthanide, is bound to organic ligands to 

reduce toxicity (2). They are classified as linear (e.g., gadodiamide) or macrocyclic (e.g., gadoteridol) based on 

ligand structure, with macrocyclic agents offering greater stability due to tighter chelation (4). Despite their efficacy, 

GBCAs are associated with adverse reactions, including mild allergic-like responses (e.g., urticaria, nausea), 

moderate reactions (e.g., bronchospasm), and severe events such as anaphylaxis and nephrogenic systemic fibrosis 

(NSF) (5, 6). NSF, a fibrosing disorder affecting skin and organs, is strongly linked to linear GBCAs in patients with 

renal impairment (6). 

 

Recent studies have identified gadolinium retention in the brain (dentate nucleus, globus pallidus), bones, and other 

tissues, even in patients with normal renal function, raising concerns about long-term safety (7, 8). Retention is 

detected as high signal intensity on unenhanced T1-weighted MRI, with linear GBCAs showing higher deposition 

than macrocyclic agents (8). While no definitive clinical symptoms are linked to retention, the potential for 

neurotoxicity remains under investigation (8). Patient-specific risk factors, including prior allergic reactions, renal 

dysfunction, asthma, and cardiovascular disease, significantly increase reaction likelihood (9). 

Regulatory agencies, such as the U.S. Food and Drug Administration (FDA) and European Medicines Agency 

(EMA), have restricted high-risk linear GBCAs and mandated renal function screening (3, 10). However, gaps 

persist in understanding reaction mechanisms, optimizing agent selection, and standardizing mitigation protocols 

(10). 

 

1.2 Objectives:- 
This study aims to: 

1. Quantify the incidence and severity of GBCA-related adverse reactions. 

2. Identify patient- and agent-specific risk factors. 

3. Evaluate mitigation strategies to enhance GBCA safety. 

This systematic review synthesizes clinical data to inform safer GBCA administration in MRI. 

 

2. Materials and Methods. 
2.1 Study Design. 

A systematic literature review was conducted to investigate GBCA safety and risk factors. Studies published 

between January 2010 and May 2025 were retrieved from PubMed, Scopus, and Web of Science using search terms: 

gadolinium-based contrast, MRI contrast reactions, gadolinium safety, and nephrogenic systemic fibrosis. To 

address potential overlap, duplicate publications and studies with overlapping datasets were identified through 

citation cross-referencing and author correspondence, ensuring unique data inclusion. 

 

2.2 Inclusion and Exclusion Criteria. 

Inclusion criteria: 

 Reported quantitative data on GBCA-related adverse reaction incidence or prevalence. 

 Identified risk factors (e.g., patient demographics, comorbidities, GBCA type). 

 Described management or mitigation strategies. 

 Involved human subjects with a sample size ≥ 50 patients. 

 

Exclusion criteria: 

 Non-human or in vitro studies. 

 Case reports or studies with <50 patients. 

 Studies lacking quantitative data on reactions or risk factors. 

 

2.3 Data Extraction. 

Data were extracted on: 

 Reaction incidence (mild, moderate, severe per American College of Radiology [ACR] classification). 

 

2.4 Data Analysis. 

Descriptive statistics summarized reaction rates, risk factor prevalence, and management outcomes. Reactions were 

categorized as mild (self-limiting), moderate (requiring treatment), or severe (life-threatening) (3). Risk factors were 

stratified by patient demographics and GBCA type. Odds ratios (OR) with 95% confidence intervals (CI) were 

extracted where reported. Qualitative synthesis evaluated mitigation strategies. 
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3. Results:- 
3.1 Study Characteristics. 

The review included 32 studies (n = 1,245,678 GBCA administrations) from 2010 to 2025. Sample sizes ranged 

from 500 to 250,000 patients, with studies conducted in North America (15), Europe (10), Asia (5), and Australia 

(2). 

 

3.2 Incidence of Adverse Reactions. 

Adverse reactions occurred in 0.1–1.2% of GBCA administrations. Mild reactions (e.g., nausea, urticaria) comprised 

75–85%, moderate reactions (e.g., bronchospasm) 10–20%, and severe reactions (e.g., anaphylaxis) <0.01% (5, 12). 

Linear GBCAs (e.g., gadodiamide) had higher reaction rates (1.0–1.2%) than macrocyclic agents (e.g., gadoteridol 

0.1–0.3%) (4). 

 

3.3 Risk Factors. 

Key risk factors are presented in Table 1. 

 

Table 1:- Risk Factors for GBCA-Related Adverse Reactions. 

Risk Factor Odds Ratio (95% CI) Studies 

Prior contrast reaction 5.2 (3.8–7.1) (13) 

GFR <30 mL/min (NSF) 12.7 (8.9–18.2) (6) 

Asthma 3.1 (2.0–4.8) (9) 

Cardiovascular disease 2.8 (1.9–4.1) (9) 

 

3.4 Gadolinium Retention. 

Gadolinium deposition was reported in 15 studies, primarily in the dentate nucleus and globus pallidus (7). 

Macrocyclic GBCAs showed 50–70% lower retention rates than linear agents (8). No clinical symptoms were 

directly associated with retention. 

 

3.5 Management Outcomes. 

Premedication with corticosteroids and antihistamines reduced reaction rates by 60–80% in high-risk patients (13). 

Facilities with rapid-response protocols reported no anaphylaxis-related fatalities (12). 

 

3.6 Descriptive Analysis. 

 Reaction Distribution: Mild reactions had a mean incidence of 0.8% (SD 0.3%), moderate 0.2% (SD 0.1%), 

and severe 0.005% (SD 0.002%). 

 GBCA Type: Linear GBCAs had a mean reaction rate of 1.1% (SD 0.4%), compared to 0.2% (SD 0.1%) for 

macrocyclic agents. 

 Patient Demographics: Patients with reactions had higher comorbidity prevalence (70% vs. 40% in non-

reactors). 

 

4. Discussion:- 
This systematic review provides a comprehensive analysis of the safety profile and risks associated with 

gadolinium-based contrast agents (GBCAs) in MRI, synthesizing findings from 32 studies. Adverse reactions, 

occurring in 0.1–1.2% of administrations, are predominantly mild (75–85%), with severe reactions like anaphylaxis 

rare (<0.01%). These findings align with Dillman et al. (5), who reported a similar reaction distribution, and Aran et 

al. (12), who documented a 0.008% anaphylaxis rate across 1.2 million administrations. 

 

The higher reaction rates of linear GBCAs (1.0–1.2%) compared to macrocyclic agents (0.1–0.3%) corroborate 

Behzadi et al. (4), who attributed this to the lower stability of linear chelates, increasing gadolinium dissociation. 

 

Reaction mechanisms involve hypersensitivity, direct toxicity, or chelate instability. Allergic-like reactions, likely 

IgE- or T-cell-mediated, dominate acute events, as noted by Behzadi et al. (4). Nephrogenic systemic fibrosis (NSF), 

a severe complication in renally impaired patients, is strongly associated with linear GBCAs, with Grobner (6) 

reporting a 12.7-fold risk for GFR <30 mL/min, consistent with our findings (OR 12.7). 
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Gadolinium retention, detected in the brain and bones, is a growing concern, with Kanda et al. (7) identifying high 

T1-weighted signals in the dentate nucleus. Our reviews 15 studies confirm higher retention with linear GBCAs, 

while Murphy et al. (8) noted 50–70% lower deposition with macrocyclic agents, supporting our data. The absence 

of clinical symptoms linked to retention aligns with current evidence, though long-term risks remain uncertain. 

 

Key risk factors—prior contrast reactions (OR 5.2), renal impairment (OR 12.7), asthma (OR 3.1), and 

cardiovascular disease (OR 2.8)—are consistent with Li et al. (9) and Eskridge et al. (13). These underscore the need 

for thorough patient screening, as recommended by the American College of Radiology (ACR). 

 

Compared to prior studies, this review offers a broader scope by addressing acute reactions, NSF, and retention. 

Dillman et al. (5) underestimated mild reactions due to retrospective reporting, a limitation mitigated here through 

inclusive study selection. Behzadi et al. (4) focused on acute reactions, while our study incorporates retention 

concerns, aligning with Murphy et al. (8) and Kanda et al. (7). The low incidence of severe reactions supports 

GBCA safety when risks are managed, but NSF and retention necessitate cautious use in vulnerable populations. 

 

Limitations include heterogeneity in study designs and reaction reporting, precluding quantitative meta-analysis. 

Retrospective data may underreport mild reactions, as noted by Dillman et al. (5). The clinical significance of 

gadolinium retention requires longitudinal studies, as current evidence lacks outcome data (8). Future research 

should prioritize retentions long-term effects and standardized reporting to enhance study comparability. 

 

5. Conclusion:- 
Gadolinium-based contrast agents are vital for MRI diagnostics but carry risks of allergic reactions, nephrogenic 

systemic fibrosis, and tissue retention. Prior contrast reactions, renal impairment, and linear GBCAs are significant 

risk factors. Mitigation through patient screening, macrocyclic agent use, and premedication enhances safety. Severe 

reactions are rare, but NSF and retention concerns warrant ongoing vigilance. Further research is needed to clarify 

retentions clinical impact and refine risk management protocols to ensure patient safety in MRI. 
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