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Abstract

Purpose—To investigate the recently discovered association between gadolinium based MRI

contrast agents and the development of nephrogenic systemic fibrosis (NSF) in patients with

chronic kidney disease or acute kidney injury.

Materials and Methods—A systematic review of the PubMed database and publicly available

patient databases was performed to characterize NSF and its possible association with exposure to

gadolinium based MRI contrast agents.

Results—Data from case series reports, NSF patient databases, NSF case reporting to the Federal

Drug Administration (FDA) after gadolinium contrast agent exposure, and retrospective case-

control studies suggest a strong association between the use of gadolinium based MRI contrast

agents and the subsequent development of NSF in patients with renal disease. These data also

suggest that the risk of NSF depends on the degree of renal dysfunction, dose of contrast agent,

gadolinium contrast agent stability, and severity of concomitant illness. Thus, the occurrence of

NSF after gadolinium contrast agent exposure may vary from negligible up to 2–5% in select

high-risk clinical situations.

Conclusions—MRI utilizing gadolinium based contrast agents must be undertaken judiciously

in patients with renal dysfunction carefully weighing, on a case by case basis, the benefits of MRI

and the risk of NSF as well as the disadvantages of undergoing alternative imaging studies or

foregoing imaging studies.
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The prevalence of kidney disease is rising and selecting imaging studies in renal disease

patients is challenging leading to a growing clinical problem. Historically, contrast-induced

nephropathy has limited contrasted computed tomography (CT) studies, while magnetic

resonance imaging (MRI) studies have been considered “safe” in patients with chronic

kidney disease (CKD) or acute kidney injury (AKI). A recently discovered association

between gadolinium based MRI contrast agents and the development of nephrogenic
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systemic fibrosis (NSF) in patients with severely reduced renal function has cast doubt on

the dogma of MRI safety in these patients and has further complicated decision making

regarding imaging in this population. Herein for the practicing urologist, we will review the

history and clinical features of nephrogenic systemic fibrosis, its association with

gadolinium based MRI contrast agents, and suggested approaches to imaging studiesin

patients with renal dysfunction in light of these new data.

Nephrogenic Systemic Fibrosis: A New Devastating Disease

Nephrogenic systemic fibrosis is a new disease entity initially discovered in 1997 and

documented in the landmark case series by Cowper and colleagues in 2000 as a

scleromyxoedema-like cutaneous disease in dialysis patients.1 This case series reported 15

dialysis patients presenting with extensive thickening and hardening of the skin with brawny

hyperpigmentation primarily affecting the extremities. Skin biopsy of affected areas

revealed a unique pattern of dense, haphazardly arranged collagen bands and an increased

number of fibroblast-like spindle cells in the dermis often extending deep into the

subcutaneous tissue. The nascent disorder was coined nephrogenic fibrosing dermopathy

(NFD) to succinctly describe its pathology and association with renal disease.2

NFD clearly carries significant morbidity and mortality. Most patients suffer from

neuropathic pain in affected areas and develop flexion contractures from skin thickening and

tightening, which limits mobility occasionally over the course of weeks. Patient deaths have

been reported related to immobility and debilitation and the associated infectious

complications such as sepsis from pressure ulcer infections or aspiration pneumonia.3–5

Furthermore, autopsies of NFD patients have suggested a systemic fibrotic process with

skeletal muscle, pleural, pericardial, myocardial, and pulmonary fibrosis that may also

contribute to morbidity and mortality.6 In light of these data, the disease was renamed

nephrogenic systemic fibrosis (NSF) to emphasize its systemic manifestations.

From an epidemiologic perspective, the emergence of a clinically unique disease restricted

to dialysis patients immediately raised the possibility of a causal relationship between the

dialytic process and the development of NSF. However, subsequent case reports

documented NSF in patients with severe CKD or AKI who did not receive dialytic

therapy.7–9 Although about 90% of cases to date have been reported in dialysis patients,

NSF associates with renal dysfunction and not dialysis per se.3, 10 No cases of NSF in

patients with a glomerular filtration rate (GFR) > 30 mL/min have been described. One

study suggested that NSF may occur in patients with an estimated GFR > 30 mL/min.11

Closer examination suggests that these patients exhibited AKI, where non-steady state

serum creatinine levels invalidate approaches used to estimate GFR based on serum

creatinine. Moreover, the vast majority of AKI results in a GFR < 30 mL/min irrespective of

serum creatinine. Thus, NSF becomes evident when GFR falls below 30 mL/min in either

AKI or CKD and its incidence correlates with the degree of renal dysfunction being most

common in end-stage renal disease (ESRD) patients.

While NSF is rare, its exact prevalence is unclear. As of the end of 2006, the Yale NSF

Registry, the largest patient database, consisted of slightly over 200 cases.10 The U.S. Food
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and Drug Administration (FDA) and the Pharmacovigilance Working Party in Europe have

each collected about 90 NSF cases.12, 13 Thus, there are at most about 400–500 reported

cases of NSF worldwide as of the end of 2006. Many NSF cases, particularly milder

manifestations, may remain unreported.

Identifying Links Between Gadolinium Based MRI Contrast Agents and NSF

The emergence of NSF in a small percentage of severe CKD or AKI patients suggests an

inciting agent or exposure may be responsible. In early 2006, Grobner reported a case series

of 5 dialysis patients who developed NSF weeks after administration of a gadolinium based

MRI contrast agent (GBMCA) suggesting an association between these agents and NSF.14

Grobner’s report then spawned a flurry of case reports throughout 2006 and 2007, initially in

Europe and then in the U.S., connecting NSF with prior GBMCA exposure.11, 15–18

Retrospective analysis of the Yale NSF Registry revealed that GBMCA exposure predated

NSF in over 95% of cases by weeks to months.10 These reports suggested that a very small

minority of NSF cases occurred without preceding GBMCA exposure.10, 19

The proportion of patients developing NSF after GBMCA use in patients with renal

dysfunction is around 2–5% in single center cohorts.11, 15, 18, 20 The number of MRI

contrast studies in kidney disease or hemodialysis patients in large populations has not been

directly reported. Based on market research analyses, it can be conservatively estimated that

at least 50,000 MRI contrast studies have been conducted in hemodialysis patients in the

U.S. during the last 10 years based on the total number of MRI contrast studies (at least 50

million) and the proportion of ESRD patients in the U.S. (about 0.1%).21 Given that there

are at most 500 reported cases of NSF worldwide and fewer in the U.S. alone, the proportion

of patients developing reported NSF after gadolinium based contrast agent exposure in

hemodialysis patients is probably no more than 1%. While we acknowledge these estimates

are crude, they suggest that the 2–5% estimates of NSF incidence after GBMCA exposure

based on single center cohorts may be inflated. The reporting of previously unrecognized

cases of NSF could raise all estimates.

The latency between GBMCA exposure and developing NSF is variable. In most patients,

the lag period is typically weeks to months, but a small subset of patients have prolonged lag

periods extending to 1–2 years.16, 20 Some argue that these cases reflect delayed recognition

of NSF or slowly evolving biologic events after GMBCA exposure leading to clinically

evident NSF. But equally possible is that cases with prolonged lag periods represent NSF

occurring independently of unrelated, distant GBMCA exposure. Unfortunately, no current

data can differentiate these interpretations, which could weaken the association between

GBMCA exposure and NSF.

GBMCA dose correlates with the occurrence and/or severity of NSF. Most studies note that

NSF develops more frequently in patients after MRI studies using high contrast

dose.11, 15, 20, 22 Magnetic resonance angiography (MRA) studies typically utilize two to

three times the contrast dose compared to conventional MRI studies particularly when

utilized to image abdominal and peripheral vascular territories. 23 Despite widespread off-

label use, the FDA has never approved a gadolinium based MRI contrast agent for MRA
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studies.24 In many cohorts, the majority of NSF cases have been noted after intra-abdominal

and peripheral vascular MRA studies.11, 15, 17, 20 The discovery of NSF in 1997 and its

increasing prevalence may temporally correlate with the increasing use of non-cerebral

MRA studies starting in the mid to late 1990’s. NSF also occurs more commonly with high

cumulative GBMCA dose exposure after multiple contrasted MRI studies within a short

period of time.11, 20 Other reports have also found an association between GBMCA dose

and the clinical severity of subsequent NSF.19, 22

The case control studies conducted thus far do not allow for precise quantification of

absolute NSF risk after GBMCA exposure given their inherent shortcomings including small

numbers, retrospective analysis, and well-described forms of statistical bias. The burden of

proof qualitatively supports a strong association between GBMCA administration and

developing NSF. Given the devastating nature of NSF, the qualitative data warrants a

change in clinical practice towards avoiding contrasted MRI studies in patients with severely

reduced renal function.

Pathophysiologic Basis for Gadolinium Induced NSF

Gadolinium based MRI contrast agents are chemical chelates with a gadolinium ion bound

by a linear or cyclic molecule. Since free gadolinium ions are toxic and poorly excreted,

GBMCA safety completely rests on the ability of the chelate molecule to prevent

gadolinium release after intravenous administration. In animals and normal human subjects,

gadolinium based MRI contrast agents release presumably safe, minute quantities of

gadolinium ion with subsequent tissue deposition particularly into liver and bone.25

However, the kidneys solely excrete these agents and their half-life prolongs from 1–2 hours

to over 30 hours with severe renal dysfunction.25–27 Renal failure establishes a situation

where gadolinium based MRI contrast agents reside within patients for long periods of time

potentially allowing for toxic levels of gadolinium ion release and tissue deposition.

Preliminary evidence suggests that NSF may represent a form of gadolinium ion toxicity.

First, skin biopsies from NSF patients have demonstrated gadolinium ion deposits in areas

of abnormal fibrosis.28, 29 Second, NSF risk highly correlates with the severity of renal

failure and GBMCA dose, which determine the duration and intensity of GBMCA exposure

and therefore the extent of gadolinium ion release. Finally, the development of NSF after

GBMCA exposure may be proportional to the propensity of the chelate molecule to release

gadolinium ion after administration.

Gadodiamide (Omniscan™; GE Healthcare, Princeton, NJ), gadoversetamide (OptiMARK®;

Mallinckrodt, Hazelwood, MO), gadopentetate (Magnevist®; Bayer Healthcare

Pharmaceuticals, Montville, NJ), gadoteridol (ProHance®; Bracco Diagnostics, Inc.,

Princeton, NJ), and gadobenate (MultiHance®; Bracco Diagnostics, Inc., Princeton, NJ) are

the five approved MRI contrast agents in the United States. Linear chelates, in general, are

less stable compared to cyclic chelates and the rank order for chelate instability and

gadolinium ion release is Omniscan > Magnevist > MultiHance > ProHance. OptiMARK,

the newest agent on the market, has been less studied but is biochemically similar to

Omniscan.25, 27 Most case reports suggest that the vast majority of NSF cases are associated
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with Omniscan, the agent with the least chelate stability. The Yale NSF registry has reported

that 90% of their cases are linked to Omniscan administration.10 Furthermore, the 2–5%

incidence of NSF after GBMCA exposure in single center studies may be higher than the

nationwide incidence, since most centers with NSF cohorts solely utilized Omniscan, while

the U.S. as a whole uses a mixture of agents.

Alternatively, the association of NSF with Omniscan may be related to more common use of

this agent. Overall market share data does not support this hypothesis as Magnevist holds

about 50% of the U.S. and worldwide market share followed by Omniscan at 20–30% with

the remaining market share almost equally split amongst ProHance, MultiHance, and

OptiMARK.21 Based on its FDA approval for high dose central nervous system MRI,

Omniscan may be preferentially utilized for high-risk, high contrast dose MRI applications,

which would explain a disproportionate association with NSF.30 Definitive data to refute

this possibility are currently unavailable.

The correlation between gadolinium chelate instability and NSF extends beyond Omniscan.

Up to 10% of NSF cases in the Yale registry have been associated with the use of Magnevist

and OptiMARK, while no cases have been associated with MultiHance or ProHance.10

While Magnevist associated NSF cases may correlate with its large market share,

OptiMARK, an agent biochemically similar to Omniscan, has a market share less than or

equal to MultiHance or ProHance and is not approved for high dose applications. Chelate

instability would explain the increased incidence of OptiMARK related NSF when

compared to MultiHance or ProHance. The recent report of a dialysis patient developing

NSF after six ProHance contrasted MRI studies in one year suggests that no GBMCA is free

from associated NSF risk.31 This risk most likely correlates with chelate instability and

cumulative contrast dose.

GBMCA exposure is critical but not sufficient for the development of NSF. Intravenous iron

and erythropoietin administration, secondary hyperparathyroidism, and pro-coagulant and

“proinflammatory” states such as the peri-operative period have been weakly associated

with NSF and may act as instigating factors in the presence of gadolinium based MRI

contrast agents.3, 5, 8, 11, 22, 32 Through unclear mechanisms, GBMCA administration leads

to significant iron mobilization raising serum iron levels and transferrin saturation.25, 33 Iron

may “bump” gadolinium off the GBMCA chelate molecule as well as deposit alongside

gadolinium within tissues to enhance toxicity. Skin biopsies from NSF patients have also

demonstrated significant iron deposition.29 High doses of erythropoietin may promote iron

mobilization or simply act as a marker for pro-inflammatory states. Hyperphosphatemia and

significant secondary hyperparathyroidism may promote gadolinium tissue deposition since

phosphate binds gadolinium and causes it to precipitate into tissues. Finally, pro-coagulant

and pro-inflammatory states could generate a cytokine milieu that promotes tissue fibrosis in

the presence of deposited gadolinium.

NSF Prevention

Given the strong association between GBMCA exposure and NSF, the most important

measure to prevent NSF is to avoid contrasted MRI studies in patients with severely reduced
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renal function. If GBMCA administration is absolutely necessary, one may contemplate

measures designed to minimize prolonged exposure to the agent. In ESRD patients,

hemodialysis does effectively remove gadolinium based MRI contrast agents clearing about

75%, 95%, and 99% on the first, second, and third hemodialysis sessions respectively.34

Conversely, peritoneal dialysis does not effectively remove these contrast agents.26

Hemodialysis after contrasted MRI studies may reduce the incidence of NSF. However,

NSF has been reported after contrasted MRI studies in patients undergoing daily

hemodialysis.15 These patients underwent relatively low efficiency hemodialysis 9–21 hours

after GBMCA administration.35 Presumably, high efficiency hemodialysis immediately after

GBMCA administration is required to prevent NSF, since hemodialysis cannot efficiently

remove gadolinium already deposited within tissues. Hemodialysis initiation in a patient

with severe renal dysfunction (GFR < 30 mL/min) for the sole purpose of preventing NSF

after GBMCA exposure comes with significant risk associated with vascular access

placement and complications associated with hemodialysis initiation. GBMCA removal

requires high efficiency hemodialysis, which may risk complications such as dialysis

dysequilibrium in a pre-dialysis, severe chronic kidney disease patient. While hemodialysis

seems promising as a preventive maneuver, it has several practical limitations and has not

been definitively proven to prevent NSF after GBMCA exposure.

Utilizing high stability gadolinium based contrast agents may reduce the release of

gadolinium and its subsequent tissue deposition. The American College of Radiology

recommends against the use of Omniscan in patients with any degree of renal dysfunction.36

We would also avoid OptiMARK given its biochemical similarity to Omniscan. Minimizing

contrast dose both during individual studies as well as cumulative dose over time represents

an obvious way of reducing NSF risk. Unfortunately, a “safe” interval between contrasted

MRI studies cannot be determined from the currently available data.

FDA Warnings and Recommendations

The FDA issued its first alert and began requesting adverse event reports in June, 2006 with

the report of NSF cases after Omniscan administration in Europe. It has issued revised alerts

in December, 2006 and May, 2007 reflecting the continuing flux of the field. The most

recent May, 2007 alert warns against using any of the five approved gadolinium based MRI

contrast agents in patients with acute or chronic renal failure with GFR < 30 mL/min “unless

the information is essential and cannot be obtained” with other imaging techniques.24 If

contrasted MRI is considered in an at-risk patient, the patient should be warned about the

risks of NSF and its clinical features and contrast dose should be minimized. The FDA

suggests conducting hemodialysis immediately after GBMCA administration and on the

subsequent 1–2 days to hasten GBMCA clearance in chronic hemodialysis patients.24

Approach to Imaging Studies in Kidney Disease Patients

Our approach to imaging in kidney disease patients is to initially stratify patients into three

basic risk categories: 1) Stable, mild to moderate CKD patients with an estimated GFR > 30

mL/min, 2) Dialysis patients, and 3) Patients with AKI or stable, severe CKD patients with
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an estimated GFR < 30 mL/min not on dialysis. Decisions regarding imaging modality and

patient education are then considered within this stratification scheme (Figure 1).

Stable patients with mild to moderate CKD (GFR > 30 mL/min) can probably undergo

contrasted MRI studies using low dose, high stability contrast agents without significant

contraindication. Caution should be exercised to ensure renal function stability. Patients

even with early AKI may be at significant risk for NSF after GBMCA administration.

ESRD patients should not receive gadolinium based MRI contrast agents except in

extraordinary cases as these patients represent the population at greatest risk for NSF. In

most cases, contrasted CT imaging carries less risk as the nephrotoxic effects of

conventional IV contrast are mitigated by the functionally anephric state of most ESRD

patients. If contrasted MRI is contemplated, hemodialysis should be planned immediately

after the study and on the subsequent 1–2 days to maximize GBMCA clearance. Informed

consent of patients including the possible risk of NSF and the unproven benefit of

preventive hemodialysis should be obtained. Peritoneal dialysis patients should not receive

gadolinium based MRI contrast agents unless temporary hemodialysis is planned after

imaging.

The most difficult decisions regarding imaging studies occur in patients with severe CKD

(GFR < 30 mL/min) or AKI not on dialysis. These patients have an undefined but discrete

risk of developing NSF after contrasted MRI studies and alternative imaging approaches

may also incur significant risk. Contrasted CT studies risk worsening renal failure due to

contrast-induced nephropathy, which may precipitate the need for hemodialysis. For

instance, a validated clinical risk score for contrast-induced nephropathy after percutaneous

coronary intervention suggests that a 75 year-old diabetic patient with stage IV CKD (GFR

15–30 mL/min) incurs a 25% risk for contrast-induced nephropathy with about 1% requiring

hemodialysis.37 Measures to prevent contrast-induced nephropathy, such as oral N-

acetylcysteine (Mucomyst®; Bristol-Myers Squibb, New York, NY) and IV sodium

bicarbonate infusion, appear efficacious in study groups, but their ability to prevent

significant renal failure and particularly hemodialysis in this tenuous patient population is

not fully quantified.38, 39 More importantly, patients with contrast-induced nephropathy

have poorer in-hospital and long-term outcomes particularly if they require chronic

hemodialysis.40 Thus, we recommend that gadolinium based MRI contrast studies and

probably all contrasted studies generally be avoided in these patients. In non-emergent

situations, clinicians should collaborate extensively with radiologists to ensure non-

contrasted imaging techniques have been completely exhausted. In many cases, radiologists

may use alternative imaging techniques such as ultrasound or nuclear imaging or new

modifications of non-contrasted MRI sequences, such as time of flight analysis for MRA, to

provide adequate clinical information. If a contrasted MRI study is contemplated, patients

should be counseled on the clinical features and risk of NSF, given the opportunity to

choose an alternative imaging study or no study, and provided the option of post-MRI

hemodialysis.

For the practicing urologist, renal mass imaging is the most commonly utilized MRI

application. Although high resolution CT imaging with conventional IV contrast is
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equivalent to contrasted MRI for renal lesions, many clinicians preferentially use contrasted

MRI in patients with moderate or severe renal dysfunction and/or large kidney resections to

minimize the risk of contrast-induced nephropathy.41 In patients with a GFR < 30 mL/min at

high NSF risk after GBMCA administration, this approach will need to be changed. Patients

on dialysis can simply undergo contrasted CT imaging, while pre-dialysis patients will

require strategies that avoid any form of IV contrast.

CT or MRI characterization of renal masses, particularly complex cystic lesions, as benign

or possibly malignant rests primarily on contrast enhancement of the mass.41 Without

contrasted imaging, several clinical strategies may be utilized. First, resection of equivocal

masses can provide definitive diagnosis and treatment. Unfortunately, a tenuous pre-dialysis

patient is exposed to surgical risk and possible precipitation of dialysis for minimal benefit

with the resection of a benign mass. Second, percutaneous renal core needle biopsy may

provide a diagnosis with less risk compared to surgery. Depending on institutional expertise,

recent evidence suggests that renal mass biopsy may be safe and diagnostic in select clinical

situations.42, 43 Third, clinicians may opt for serial surveillance using non-contrasted

imaging with enlarging masses prompting surgical resection. Finally, if the risk of invasive

procedures or delayed diagnosis with surveillance outweighs the risk of conventional

contrast or GBMCA exposure, then contrasted CT or MRI may be undertaken with

appropriate precautions and informed consent. Currently, no evidence exists to suggest one

strategy is superior to another in the approach to renal masses where contrasted imaging is

limited.

Conclusions

NSF is a rare, but devastating disease. Although associative from a rigorous perspective, the

newly discovered link between NSF and gadolinium based MRI contrast agent exposure in

patients with renal dysfunction raises the depressing prospect of morbidity and mortality

related to well-intentioned radiologic studies, but also raises the hope of curtailing NSF in

the future. A major barrier to this hope is physician and patient education. In this paper, we

have provided the practicing urologist a framework to approach contrasted MRI studies in

patients with renal dysfunction carefully weighing the risk of NSF against the benefit of the

study or the disadvantages of alternative approaches.
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Figure 1.
Decision-Making on Imaging Studies in Patients with Renal Dysfunction.
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