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Abstract  
Background: Contrast-Induced Nephropathy (CIN) is a significant iatrogenic complication following intravascular contrast 

media administration, associated with increased morbidity, mortality, and healthcare costs. Its prevention is a quintessential 

model for interdisciplinary care, requiring precise coordination beyond the radiology suite. 

Aim: This narrative review aims to synthesize evidence on developing and implementing a collaborative, multi-disciplinary 

protocol for CIN prevention, integrating the specialized roles of radiology, nursing, pharmacy, and physiotherapy. 

Methods: A systematic literature search of PubMed, EMBASE, CINAHL, and the Cochrane Library (2010-2024) was 

conducted. Keywords included contrast-induced nephropathy, acute kidney injury, hydration protocols, pharmacist-led 

medication review, interdisciplinary communication, and preventive nephrology. Included studies were systematic reviews, 

randomized controlled trials, observational studies, and quality improvement reports. 

Results: Effective CIN prevention hinges on a systematized pathway: risk stratification guided by radiologists and informed 

by pharmacist-led medication reconciliation (e.g., withholding nephrotoxic agents); nurse-driven, protocol-based intravenous 

hydration; and physiotherapy-guided monitoring of volume status and mobility to prevent fluid overload. The integration of 

these roles into a single protocol significantly improves guideline adherence, reduces CIN incidence, and enhances patient 

safety. 

Conclusion: CIN prevention is maximized not by isolated interventions but through a structured, collaborative framework. 

This review advocates for standardized, interdisciplinary protocols as the standard of care for at-risk patients undergoing 

contrast-enhanced procedures. 

Keywords: Contrast-Induced Nephropathy, Interdisciplinary Communication, Renal Insufficiency, Preventive Medicine, 

Patient Care Team. 

 
____________________________________________________________________________________________________________________________________________________________________  

Introduction 

Contrast-Induced Nephropathy (CIN), now 

often categorized under the broader term of Contrast-

Associated Acute Kidney Injury (CA-AKI), remains 

a formidable iatrogenic complication in modern 

diagnostic and interventional medicine. Defined as a 

deterioration in renal function following intravascular 

administration of iodinated contrast media in the 

absence of an alternative cause, CIN is associated 

with prolonged hospitalization, accelerated chronic 

kidney disease progression, increased cardiovascular 

events, and higher all-cause mortality (Guo et al., 

2022). Despite advancements in low-osmolar and iso-

osmolar contrast agents, the incidence of CIN 

persists, particularly among high-risk populations 

such as those with pre-existing renal impairment, 

diabetes, heart failure, or advanced age (Silver et al., 

2018).  

Traditionally, prevention strategies have 

focused narrowly on pharmacological agents or 
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hydration, often managed in silos by the ordering 

physician or radiologist. However, the evolving 

paradigm of patient safety and value-based care 

emphasizes that preventing this complication is a 

multidisciplinary imperative. The pathway from 

identification of risk to successful post-procedure 

recovery involves a critical chain of decisions and 

actions spanning several specialties.  

This narrative review synthesizes 

contemporary evidence to construct a model for a 

collaborative CIN prevention protocol. It will 

delineate the essential, interdependent roles of 

radiology in risk stratification and procedure 

planning, nursing in precise hydration management, 

pharmacy in mitigating nephrotoxic pharmacologic 

risks, and physiotherapy in monitoring fluid tolerance 

and promoting mobility. By examining this 

integration, the review underscores that CIN 

prevention is a testable model of systems-based 

practice, where effective communication and shared 

protocols can directly translate into improved patient 

outcomes and reduced healthcare costs (McCullough 

et al., 2016; Nusca et al., 2022). 

The Clinical and Economic Burden of Contrast-

Induced Nephropathy 
The true impact of CIN extends far beyond a 

transient rise in serum creatinine. It represents a 

significant clinical and economic burden on 

healthcare systems worldwide. Clinically, even small 

absolute increases in creatinine (e.g., 0.5 mg/dL or a 

25% rise from baseline) are independently associated 

with adverse long-term outcomes. A meta-analysis by 

James et al. (2013) concluded that patients 

developing CIN had a 3.3-fold increased risk of 

major adverse cardiac events and a 2.4-fold increased 

risk of mortality at one year compared to unaffected 

counterparts. The pathophysiology involves a 

combination of renal medullary hypoxia due to 

contrast-induced vasoconstriction, direct tubular 

toxicity, and oxidative stress, mechanisms that are 

exacerbated in patients with compromised renal 

reserve (Heyman et al., 2008; Abassi et al., 2019).  

Economically, CIN contributes substantially 

to resource utilization. The development of CIN can 

extend hospital length of stay by an average of 3-5 

days, often necessitating intensive monitoring, 

repeated blood tests, and in severe cases, renal 

replacement therapy (Pistolesi et al., 2018). The 

associated costs are profound; analyses suggest that a 

single case of CIN can increase hospitalization costs 

by thousands to tens of thousands of dollars, creating 

a compelling financial incentive for prevention 

(Ehmann et al., 2023). This burden is magnified by 

the ever-increasing volume of contrast-enhanced 

computed tomography (CT) and coronary 

angiography procedures performed globally. 

Therefore, investing in robust, systematic prevention 

strategies is not only a clinical and ethical obligation 

but also a sound economic decision for healthcare 

institutions seeking to improve value-based care 

metrics. 

Radiology: The First Line of Defense in Risk 

Stratification and Procedural Planning 
The radiologist’s role in CIN prevention 

begins at the moment a contrast-enhanced study is 

considered, positioning them as the crucial first line 

of defense. This role encompasses two key domains: 

rigorous patient risk stratification and intelligent 

procedural planning. Risk stratification is 

foundational and should be systematic. Radiologists, 

in collaboration with referring clinicians, must ensure 

an updated estimated glomerular filtration rate 

(eGFR) is available for any patient undergoing an 

elective procedure. Tools like the Mehran score, 

which incorporates variables such as hypotension, 

intra-aortic balloon pump use, congestive heart 

failure, age, anemia, diabetes, contrast volume, and 

pre-existing renal disease, provide a validated 

quantitative assessment of CIN risk (Mehran et al., 

2019). The integration of such scores into radiology 

order-entry systems with clinical decision support 

can automatically flag high-risk patients, triggering 

mandatory consultation or protocol activation 

(Davenport et al., 2020).  

Procedural planning involves several 

evidence-based modifications. First, the radiologist 

must advocate for the use of the lowest possible 

volume of low- or iso-osmolar contrast media, as the 

risk of CIN is dose-dependent (Nyman et al., 2016). 

Second, alternative imaging modalities that do not 

require iodinated contrast (e.g., ultrasound, non-

contrast MRI, or CO2 angiography) should be 

actively considered for high-risk patients. Third, the 

timing of the procedure can be optimized; for 

example, postponing an elective study in a volume-

depleted or acutely ill patient allows for pre-

procedural optimization (Tennant et al., 2023). 

Finally, the radiologist is responsible for ensuring 

clear communication of the patient’s risk level and 

any special precautions to the nursing and 

technologist team performing the procedure, thus 

initiating the handoff to the next phase of the 

prevention protocol. Table 1 and Figure 1 summarize 

the multidisciplinary roles in a collaborative CIN 

prevention protocol. 

 

 
Figure 1: Interdisciplinary Collaborative Protocol 

for Preventing Contrast-Induced Nephropathy 
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Table 1: Multidisciplinary Roles in a Collaborative CIN Prevention Protocol 

Discipline Core Responsibilities in CIN 

Prevention 

Key Actions & Interventions 

Radiology Risk identification, procedural 

planning, and protocol initiation. 

Calculate eGFR/Mehran score; advocate for 

minimal contrast volume/alternative imaging; 

communicate risk to team; utilize IVC 

collapsibility ultrasound for volume status 

(optional). 

Pharmacy Medication reconciliation and 

nephrotoxin management. 

Identify & hold nephrotoxic drugs (NSAIDs, 

diuretics, metformin, SGLT2 inhibitors pre-

procedure); recommend holding ACEi/ARBs per 

protocol; review and adjust antimicrobial doses 

post-procedure. 

Nursing Protocol-driven hydration 

management and patient monitoring. 

Administer IV isotonic saline (e.g., 1 mL/kg/hr 

for 12h pre- and post-procedure); monitor for 

signs of fluid overload; ensure accurate 

intake/output; provide patient education. 

Physiotherapy Assessment of volume tolerance and 

promotion of safe mobility. 

Assess for early signs of pulmonary edema (e.g., 

decreased exercise tolerance, dyspnea on 

exertion); guide safe mobilization to prevent 

deconditioning without exacerbating fluid 

overload. 

Coordinating 

Team 

Oversight, communication, and 

protocol adherence. 

Develop and update the institutional protocol; 

conduct regular audits; facilitate daily safety 

huddles for scheduled high-risk cases. 

Pharmacy: Mitigating Pharmacologic Risk 

Through Medication Reconciliation and 

Adjustment 
The clinical pharmacist is instrumental in 

mitigating the pharmacologic contributors to renal 

injury, an often-overlooked yet modifiable risk factor. 

A comprehensive medication review and 

reconciliation process led by a pharmacist is a 

cornerstone of any effective CIN prevention protocol. 

This involves proactively identifying and managing 

medications that can potentiate renal damage through 

various mechanisms. First, nephrotoxic agents such 

as non-steroidal anti-inflammatory drugs (NSAIDs), 

which cause afferent arteriolar vasoconstriction, 

should be withheld for 24-48 hours before and after 

contrast exposure when possible (LaForge et al., 

2023). Similarly, diuretics, particularly loop diuretics, 

can lead to volume depletion and should be paused 

on the morning of the procedure, with resumption 

guided by the patient’s volume status post-procedure 

(Takura et al., 2023).  

The management of metformin is critical 

due to the rare but serious risk of lactic acidosis if 

CIN occurs; guidelines recommend withholding 

metformin at the time of or before the procedure and 

not restarting until 48 hours post-procedure after 

renal function has been rechecked and is stable 

(Andreucci et al., 2016). More recently, Sodium-

Glucose Cotransporter-2 (SGLT2) inhibitors have 

also been flagged for temporary discontinuation due 

to their association with volume depletion and a 

potential transient eGFR dip. The evidence regarding 

angiotensin-converting enzyme inhibitors (ACEi) and 

angiotensin II receptor blockers (ARBs) is mixed; 

some protocols recommend withholding them 24 

hours prior to the procedure to mitigate 

intraglomerular pressure drops, though this practice is 

not universally adopted and requires careful 

consideration of the patient’s cardiovascular status 

(Kooiman et al., 2014). The pharmacist’s role extends 

to post-procedure care, ensuring appropriate dosing 

of medications (e.g., antibiotics, analgesics) in the 

context of any change in renal function and guiding 

the safe resumption of held medications. Embedding 

a pharmacist in pre-procedure clinics or having them 

review medication lists for all high-risk patients 

identified by radiology creates a powerful safety 

barrier. 

Nursing: The Engine of Protocol-Driven 

Hydration and Patient Monitoring 
Nursing staff serve as the engine for 

executing the most evidence-supported intervention 

for CIN prevention: controlled, protocol-driven 

intravenous hydration. Isotonic crystalloid solution 

(typically 0.9% sodium chloride or sodium 

bicarbonate) administration remains the gold 

standard, intending to establish and maintain 

euvolemia to counteract contrast-induced renal 

vasoconstriction and medullary hypoxia (Weisbord et 

al., 2018). The nursing role transforms this evidence 

into practice through precise, reliable care.  

For elective outpatients, this often involves 

establishing an IV line and initiating a standardized 

hydration regimen (e.g., 1 mL/kg/hr of 0.9% NaCl 

for 6-12 hours before and 4-12 hours after the 

procedure) in a dedicated pre-procedure area. For 
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inpatients, nurses coordinate this regimen around the 

procedure time. The "how" is as important as the 

"what." Nurses must meticulously monitor infusion 

rates, track intake and output, and vigilantly assess 

for the primary complication of hydration therapy: 

volume overload, particularly in patients with 

compromised cardiac function. Nursing assessments 

for early signs of pulmonary edema—increasing 

respiratory rate, orthopnea, crackles on auscultation, 

and increasing oxygen requirements—are critical 

safety checks (Sterns, 2015). Furthermore, nurses are 

central to patient education, explaining the purpose of 

the hydration, managing expectations, and 

reinforcing the importance of post-procedure follow-

up blood tests. The success of any institutional 

protocol depends overwhelmingly on nursing 

adherence and vigilance; therefore, their inclusion in 

protocol design, education, and feedback loops is 

essential for sustainable implementation and 

effectiveness (Fähling et al., 2017). 

Physiotherapy: Monitoring Fluid Tolerance and 

Safeguarding Functional Status 
The inclusion of physiotherapy in a CIN 

prevention protocol may seem novel, but it addresses 

two significant, interconnected risks: unrecognized 

fluid overload and iatrogenic deconditioning. 

Physiotherapists possess unique skills in assessing 

functional cardiopulmonary reserve, making them 

ideally positioned to detect subclinical volume 

overload before it manifests as overt pulmonary 

edema. During routine pre- and post-procedure 

mobilization, physiotherapists can identify early 

warning signs such as an unexplained decrease in 

exercise tolerance, increased dyspnea on exertion, or 

a change in vital sign response to activity (White et 

al., 2023). This real-time, functional assessment 

provides a valuable complement to nursing’s clinical 

exam and can trigger earlier medical review for 

diuretic management (Hansell et al., 2021).  

Conversely, an overly cautious approach to 

fluid management or fear of overload can lead to 

excessive fluid restriction or prolonged bed rest, 

which carries its own risks. Immobility promotes 

venous stasis, deconditioning, and muscle loss, 

potentially delaying recovery and increasing the risk 

of hospital-acquired complications like pneumonia 

and delirium. Physiotherapists can guide "safe 

mobilization" by determining an appropriate level of 

activity that promotes circulation and maintains 

strength without overtaxing a patient who may be in a 

delicate fluid balance (Tennant et al., 2023). For the 

high-risk patient with heart failure, this might mean 

supervised seated exercises and gradual ambulation 

with close monitoring. By integrating physiotherapy 

monitoring into the protocol, the care team gains a 

dynamic, functional readout of the patient’s tolerance 

to the hydration regimen, enabling more personalized 

fluid management and protecting the patient’s 

functional trajectory throughout their hospital 

journey. 

Integrating the Protocol: Communication, 

Technology, and Workflow 
The individual components of radiology 

risk-stratification, pharmacy review, nursing 

hydration, and physiotherapy monitoring are only 

effective if they are integrated into a seamless, 

reliable workflow. This integration depends on robust 

communication systems and strategic technology 

support. The protocol must be triggered 

automatically, ideally through the electronic health 

record (EHR). When a contrast study is ordered, the 

system should prompt for an eGFR and, if below a 

defined threshold (e.g., <45 mL/min/1.73m²), 

automatically flag the patient as "high-risk for CIN," 

generate a standardized order set for pre-procedure 

labs, pharmacist review, and nursing hydration, and 

notify the relevant teams (Davenport et al., 2020). 

Standardized handoff tools, such as checklists or 

structured communication frameworks (e.g., 

SBAR—Situation, Background, Assessment, 

Recommendation), are essential for transfers of care 

between departments—from the referring service to 

radiology, from radiology to the pre-procedure 

nursing unit, and back to the ward or discharge. 

Regular interdisciplinary "safety huddles" to discuss 

scheduled high-risk cases can pre-emptively resolve 

logistic or clinical issues (Franklin et al., 2020).  

The role of point-of-care ultrasound 

(POCUS), performed by trained clinicians or 

radiographers, is an emerging adjunct for assessing 

volume status. A quick assessment of inferior vena 

cava (IVC) collapsibility can help differentiate 

between a patient who is volume-depleted and would 

benefit from more aggressive hydration and one who 

is already volume-replete and at risk for overload 

(Killu et al., 2020). Finally, the protocol must include 

clear pathways for the post-procedure phase: a 

standing order for a follow-up serum creatinine at 48-

72 hours, a defined process for resuming held 

medications, and a discharge plan that includes 

education on monitoring for symptoms of renal 

impairment. Table 2 and Figure 2 present a tiered 

approach to CIN prevention based on patient risk 

stratification using eGFR and Mehran Score 

 

 
Figure 2: Risk Stratification and Tailored 

Interventions for CIN Prevention Based on eGFR 

and Mehran Score 
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Table 2: Example of a Tiered CIN Prevention Protocol Based on Risk Stratification 

Risk 

Category 

Mehran 

Score / 

eGFR 

Radiology 

Action 

Pharmacy Action Nursing Action Physiotherapy 

Action 

Low Risk eGFR ≥60, 

No risk 

factors 

Proceed with 

standard 

protocol. 

Standard 

medication review. 

Encourage oral 

hydration pre- 

and post-

procedure. 

Standard 

mobilization as 

appropriate. 

Moderate 

Risk 

eGFR 30-

59, or 1-2 

risk factors 

Use low-

osmolar 

contrast; 

minimize 

volume. 

Review & consider 

holding NSAIDs, 

metformin on day 

of procedure. 

Consider short-

course IV 

hydration (e.g., 

3hr pre, 3hr post) 

based on volume 

status. 

Monitor for dyspnea 

during initial post-

procedure 

mobilization. 

High Risk eGFR <30, 

or Mehran 

Score ≥11 

Consult with 

referring 

service; 

consider 

alternatives. 

Mandatory hold of 

nephrotoxins 

(NSAIDs, diuretics, 

metformin, 

SGLT2i); manage 

ACEi/ARBs. 

Protocol-driven 

IV isotonic saline 

(e.g., 12h pre, 12h 

post) with strict 

I/O monitoring. 

Perform pre- and 

post-procedure 

functional 

assessment; guide 

safe, monitored 

mobilization. 

Emergency 

/ Unplanned 

Unable to 

delay 

procedure 

Use minimal 

essential 

volume; 

document 

rationale. 

Rapid review for 

critical 

nephrotoxins; post-

procedure 

adjustment. 

Aggressive IV 

hydration 

initiated 

immediately post-

procedure for 

specified 

duration. 

Assess when stable; 

initiate early 

mobility with 

volume monitoring. 

Evidence Synthesis and Outcomes of 

Collaborative Care 
A growing body of evidence supports the 

superiority of structured, multidisciplinary 

approaches over ad-hoc physician orders for CIN 

prevention. Studies demonstrate that the 

implementation of institution-wide protocols 

significantly increases adherence to evidence-based 

guidelines, such as appropriate pre-procedure renal 

function testing, use of low-osmolar contrast, and 

administration of prophylactic hydration (Hirano et 

al., 2023). More importantly, these protocols translate 

into meaningful clinical outcomes. A systematic 

review and meta-analysis by Subramaniam et al. 

(2016) found that multifaceted interventions, 

including risk assessment, hydration protocols, and 

medication management, were associated with a 40-

60% relative reduction in CIN incidence compared to 

usual care.  

Quality improvement initiatives reporting on 

the implementation of nurse-driven hydration 

protocols consistently show reductions in CIN rates, 

along with decreased variability in care and improved 

nursing satisfaction (Lambert et al., 2017). The 

economic argument is equally compelling. While 

implementing a protocol requires initial investment in 

staff education and potentially technology, the cost is 

dwarfed by the savings from preventing even a few 

cases of CIN, with their associated extended length of 

stay and potential need for dialysis (Aycock et al., 

2018). Furthermore, these protocols align perfectly 

with value-based payment models and hospital 

performance metrics related to patient safety and 

preventable complications, providing additional 

institutional incentives for adoption. 

Challenges, Future Directions, and Conclusion 
Despite the clear rationale, implementing a 

collaborative CIN prevention protocol faces several 

challenges. These include overcoming professional 

silos and ingrained practice habits, securing buy-in 

from all stakeholder departments, managing the 

logistical complexity of coordinating care for 

outpatients, and ensuring the protocol does not cause 

unintended harm (e.g., volume overload, delayed 

procedures). Future directions point towards greater 

personalization. The integration of biomarkers like 

neutrophil gelatinase-associated lipocalin (NGAL) 

may allow for earlier detection of renal injury and 

more responsive management (Ronco et al., 2012). 

The role of artificial intelligence (AI) is promising; 

machine learning algorithms could analyze EHR data 

to predict CIN risk with greater accuracy than current 

scores and automatically tailor prevention 

recommendations (Zhou et al., 2023). Remote patient 

monitoring for weight and symptoms post-discharge 

could extend the safety net beyond the hospital walls. 

In conclusion, preventing Contrast-Induced 

Nephropathy is a preventable adverse event that 

serves as an ideal model for interdisciplinary 

collaboration in modern healthcare. As this review 

has detailed, effective prevention requires moving 

beyond a singular focus on hydration to a systematic 
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protocol that integrates the specialized expertise of 

radiology, pharmacy, nursing, and physiotherapy. 

From the radiologist’s initial risk assessment to the 

physiotherapist’s final assessment of safe mobility, 

each discipline contributes a vital link in a chain of 

prevention. The evidence is unequivocal: when these 

roles are coordinated through a standardized, 

communicated, and technology-supported protocol, 

guideline adherence improves, CIN incidence falls, 

patient safety is enhanced, and costs are reduced. 

Therefore, healthcare institutions should prioritize the 

development, implementation, and continuous audit 

of such multidisciplinary protocols as a standard of 

care for all patients at risk for this significant 

complication. In doing so, they exemplify the core 

principles of patient-centered, high-reliability 

healthcare. 
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