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Nephrogenic systemic fibrosis (NSF) is a rare multisystem 

disease characterised by widespread tissue fibrosis. 

It is recognised for its epidemiological association in 

patients with chronic renal failure, after administration 

of gadolinium-chelate magnetic resonance (MR) contrast 

agent, particularly gadodiamide (Omniscan, GE Health 

Diagnostic, Amersham, United Kingdom). Gadolinium - 

based contrast agents (GBCAs) are used for MR imaging 

because of gadolinium's ability to increase the T1 

relaxivity of soft tissue, increasing the contrast between 

normal tissue and pathology. As gadolinium, in its free 

form (Gd3+), can result in a toxic reaction in vivo, it exists 

in a form of water-soluble gadolinium chelate complex 

for use in medical imaging. Several brands of gadolinium - 

based contrast agents exist, differing from each other by 

the chelate which binds to the gadolinium ion. 

The clinical features of NSF were first observed in 

1997 and formally documented in 2000.'1'2' By January 

2006, Grobner first proposed a possible causal relation 

between gadolinium -based contrast media and NSF. In that 

paper, Grobner observed that five of nine haemodialysis 

patients exposed to a GBCA (gadodiamide in this instance) 

developed NSF within 2-4 weeks of an MR imaging 

examination.i3' Since then, more than 80 related papers 

have been published, strengthening the epidemiological 

association between GBCAs and the development of NSF. 

Based on currently available data, the estimated incidence 

for the development of NSF in the patients with chronic 

renal failure, and who have had GBCA, is in the range of 

3%-5%.i461 NSF has not been described in patients with 

normal renal function. 

The disease was originally named nephrogenic 

fibrosing dermopathy (NFD) for its more obvious 

dermatological clinical manifestations; it was later 

renamed nephrogenic systemic fibrosis in recognition 

of its systemic effects.'" In spite of this, NSF remains a 

misnomer as it is not a kidney disease, but rather, it seems 

to occur in patients with severe renal failure who have 

received GBCAs. The estimated time between onset 

of symptoms and the contrast -enhanced MR imaging 

examination is about two to several months.i6'8i The skin 

manifestation is often the most obvious feature, although it 

can mimic scleromyxoedema, cellulitis or lymphoedema.''' 

The skin thickening is usually insidious, but it can develop 

rapidly and confine the patient to a wheelchair within 

weeks. There is a predilection for the extremities, but torso 
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Fig. Ib Chemical structure of a typical linear contrast agent: 

Omniscan. 

involvement has been described. NSF typically spares the 

face and lacks the serological markers for scleroderma, 

such as antinuclear antibodies, anti-Scl 70 antibodies 

and anticentromere antibodies.($) Autopsy series have 

shown fibrosis of skeletal muscles, bones, lungs, pleura, 

pericardium, oesophagus and kidneys. 9,10) 

The diagnosis is confirmed on skin biopsy. 

Histologically, there is increased tissue deposition of 

collagen bundles separated by cleft and proliferation of 

distinctive dermal spindle cells that stain positive for both 

CD 34 and procollagen. The precursors for these spindle 

cells exist in circulation as free "circulating fibrocytes". In 

NSF, these "circulating fibrocytes" are thought to leave the 

circulation and differentiate into terminal fibroblast cells 

that are ultimately responsible for systemic fibrosis.'"' 
What triggers these circulating fibrocytes to differentiate 

into terminal fibroblast cells is unclear, but current thinking 

suggests Gd3+ may play a major role in the development 

of NSF. Recent reports have found gadolinium in skin 

biopsy of patients with NSF on electron dispersion 

spectroscopy. L2 
13' While this is not a proof of causation, it 

is nevertheless supportive of epidemiological association 

between exposure to GBCA and development of NSF. 



Singapore Med J 2008; 49(3) : 182 

Table I. Types of gadolinium chelates for MR imaging. 

Property Gadodiamide 

Omniscan 

Gadopentate 

Dimeglumine 

Magnevist 

Gadobenate 

Dimeglumine 

Multi Hance 

Gadoterate Gadoteridol Gadobutrol 

Meglumine ProHance Gadovist 

Dotarem 

Type 

Charge 

LogioK,herm 

LogioKcond 

Concentration (mol-') 

Linear 

Non-ionic 

16.9 

14.9 

0.5M 

Linear 

Ionic 

22.5 

18.1 

0.5M 

Linear 

Ionic 

> 22 

Not available 

0.5M 

Macrocyclic 

Ionic 

25.4 

19 

0.5M 

Macrocyclic Macrocyclic 

Non-ionic Non-ionic 

22.8 21.75 

16.9 14.67 

0.5M 1.0M 

Extracellular GBCA is eliminated from the body 

almost exclusively by the kidneys. (14) In the setting of 

chronic renal failure, especially those on dialysis or GFR 

< 15 ml/min, GBCA exists in the body for a much longer 

time. The half-life of gadodiamide, for example, is 1.3 

hours in normal volunteers and 34.3 hours in patients with 

end -stage renal disease.(15) Marckmann et al postulated 

that NSF may result from a toxic reaction from Gd3+ 

liberated from the chelate as a result of transmetallation, a 

process whereby endogenous ions, such as copper, zinc or 

calcium, substitute for the chelate-bound gadolinium.(15) 

The longer half-life of GBCA in patients with renal 

impairment may predispose to transmetallation. Some 

authors have questioned whether transmetallation does 

occur, citing their own GBCA stability studies,°6,17) but 

most authorities on this subject have not entirely excluded 

this mechanism.(18-20) 

GBCAs are classified on the basis of chelate 
biochemical structures (macrocyclic vs. linear) (Figs. 

la & b) and the chelate charge (ionic vs. non-ionic). 

Macrocyclic molecules bind gadolinium more tightly 

than linear chelates, are more stable, and have a lower 

dissociation rate. Ionic macrocyclic chelates are thought 

to be least likely to release Gd3+, a process which can 

lead to a toxic reaction in the body(21) Dissociation is 

an equilibrium, which is governed by a constant, called 

the thermodynamic stability constant (logloKth rm). 

Macrocyclic complexes have the highest thermodynamic 

stability constant. Morever, at physiological pH, the study 

of the conditional stability constant (logloKcood) showed 

that non-ionic structures are the most stable (Table I).(22) 

In this respect, GBCA with a lower conditional and 

thermodynamic stability, such as gadodiamide, may be 

at a higher risk of dissociation than other more stable 

GBCAs.(5) So far, nearly all the GBCAs available on the 

market have been implicated, with the majority reports 

linked to gadodiamide. The rest, such as gadopentetate 

dimeglumine (Magnevist; Berlex Imaging, Montville, NJ, 

USA) and gadoversetamide (Optimark; Mallinckrodt, St 

Louis, MO, USA), have also been implicated, albeit in 

a smaller proportion of patients.(23) Since May 2007, the 

US Food and Drug Administration (FDA) has requested 

a blanket "black -box" warning regarding the potential 

risk of NSF in patients with renal failure to be added to 

all FDA -approved gadolinium -based MR contrast agents 

marketed in the United States.i23i 

It is unclear if other cofactors are needed to trigger the 

development of NSF. Some authors have also proposed 

that an underlying inflammatory milieu or metabolic 

acidosis may exist, such as in the setting of tissue injury 

(recent surgery and ischaemia), to cause the release 

of cytokines; these recruit circulatory fibrocytes from 

the bone marrow to deposit in the skin, joints and soft 

tissue.i3'8' '25' Acidosis, in particular, has attracted some 

attention, since the conditional stability of chelate is 

directly related to the pH of the solution. Grobner was 

the first to suggest this relationship.'3' However, several 

authors have since questioned whether acidosis is truly 

necessary for the development of NSF, quoting their own 

cases in which the mean bicarbonate level was normal in 

most, if not all, of their patients.(6,15,26,27) Erythropoietin 

has also been implicated as a possible cofactor in the 

development of NSF. (28) Patients with certain concurrent 

hepatic disease, such as in the setting of acute hepatorenal 

syndrome or perioperative liver transplant patients, may 

also be at a higher risk, but the exact relation has yet to 

be established.(8) A recent Scottish study has also shown 

a positive association between cumulative dose, as well 

as development of NSF, and severe renal impairment (27) 

Collidge et al found that such patients received a higher 

cumulative dose (0.39 mmol/kg vs. 0.23 mmol/kg; p = 

0.008) and underwent more gadolinium -enhanced MR 

imaging, than their non -affected gadolinium -exposed 

counterparts. (27) 

There is no known cure at this present time for 

NSF.(6) Improving renal function (either as a result of 

transplantation or medical therapy) seems to slow or arrest 

NSF in some patients.(24) The severity and rapidity of 

cutaneous progression correlated with a poorer prognosis, 

and the systemic involvement is associated with a more 

extensive cutaneous disease.(11) An estimated 5% or less 

of patients with NSF develop a rapidly progressive form of 
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the disease that can prove fatal.i29i Many of these patients 

often have other concomitant morbidities.''0,11,15,30> 

NSF is not alien to Singapore. Currently, there are 

already a handful of biopsy -proven cases of NSF in 

Singapore. The earliest reported case dates as far back as 

July 2004. Tan et al described this condition in a 45 -year - 

old Indian woman with systemic lupus erythematosus with 

acute deterioration of renal function and had two weeks of 

haemodialysis.i3Li At that time, the relationship between 

NSF and GBCA was not known. Personal communication 

between the first author and Tan confirmed that this patient 

did have three intravenous GBCA-enhanced MR imaging 

scans of her lumbar spine for an unrelated complaint within 

a period of three months, three and half months prior to 

onset of the patient's symptoms. Unfortunately, the exact 

gadolinium agent was not definitively identified. 

Two other skin -biopsy proven cases of NSF have also 

been reported in Singapore.i261 Both patients, (one Chinese 

and one Malay male patient), suffered from severe chronic 

renal impairment (either on haemodialysis or had started 

haemodialysis soon after the MR imaging examination). 

They each had gadodiamide MR angiography examination, 

one for the assessment for renal artery stenosis, while 

the other for lower limb ischaemia, prior to the onset of 

symptoms of NSF. All three patients received either higher 

than standard dose (> 0.1 mmol/kg of gadodiamide) or 

several gadolinium -enhanced MR scans within a short 

period of time. There is no racial predisposition for this 

condition. We are also aware of a fourth patient with 

NSF in Singapore; unfortunately, this patient's clinical 

background was not made available to us at the time of 

writing this editorial. 

While there remains more questions than answers 

at this point in time, the epidemiological evidence has 

prompted the FDA to release public health advisories in 

June and Dec 2006, with a revised version in May 2007, 

for use of GBCA in patients with chronic renal failure.'23' 

Our institution performs on average 18,000 MR imaging 

examinations per year, and about half of these studies are 

performed with intravenous GBCA. In consultation with 

our nephrology department, we have adopted several of 

the FDA recommendations and would like to share our 

practical approach when encountering a patient, who may 

need MR imaging with intravenous GBCA, as points of 

information in this paper. 

The evidence so far has linked the development of 

NSF to a small proportion of patients with severe renal 

failure, and who had received GBCA. The reason for why 

some patients develop NSF and others do not is still not 

understood. There are a few cases reported internationally 

where no history of gadolinium administration has been 

documented, but there are significant doubts among 

experts regarding these claims, since most of these reports 

were from spontaneous, loosely regulated, self -reporting 

online registries. Nearly all commercially -available 
GBCA have been implicated and we apply caution to the 

use of all gadolinium-chelate formulations at this point in 

time. 

Attempts should be made to obtain the patient's serum 

creatinine and glomerular filtration rate (GFR) prior to 

contrast -enhanced MR imaging. The estimated GFR 

(eGFR) can then be calculated using the Modification of 

Diet in Renal Disease (MDRD) equation(42) and an online 

calculator is available at: www.nephron.com.Itshouldbe 
reminded that this equation is an estimated value to be 

used in the setting of chronic renal impairment, and is not 

entirely accurate in the acute setting, and in patients with 

liver disease. Nonetheless, the MDRD equation provides 

a quick reference, and widely -used tool in assessing trends 

in renal function, when both gadolinium and iodinated 

contrast are being considered for imaging.(6) An eGFR 

level measured within the last six months for a stable 

outpatient is generally acceptable. (33) 

When the eGFR is below 30 ml/min/1.73m2 (severe 

renal dysfunction), consideration is made whether MR 

imaging can be performed without intravenous GBCAs, 

including additional MR sequences that we may normally 

omit. Alternative imaging methods, including use of 

computed tomography or ultrasonography, should also 

be considered. However, when no alternative method is 

identified, discussing the risks and benefits of a GBCA- 

enhanced MR imaging with the referring clinician is 

recommended. Informed consent is then obtained from 

the patient. As far as possible, a standard or reduced dose 

of GBCA is administered. 

For patients on haemodialysis, prompt haemodialysis 

following GBCA administration, in order to enhance 

GBCA elimination, should be considered. This was 

suggested by the FDA (June 2006 advisory), which 

stated that the average gadolinium -based contrast media 

excretory rates are 78%, 96% and 99% in the first to third 

haemodialysis sessions, respectively. (33-35)The FDA (May 

2007 advisory)(23) has since toned down this suggestion, 

as there is no comprehensive evidence to establish the 

utility of haemodialysis to prevent or treat NSF/NFD. For 

patients not currently on haemodialysis, the need to initiate 

haemodialysis after the MR procedure has to be evaluated 

on an individual basis, since establishing vascular access 

for the sole purpose of removing GBCA entails certain risks 

and discomfort. For patients on continuous ambulatory 

peritoneal dialysis (CAPD), it is recommended that the 

patient does not have a dry abdomen period for at least 48 

hours after GBCA administration. Haemodialysis is also 

considered for patients on CAPD who may still have a 

functional vascular access for the procedure. (5) 

If no GFR or serial serum creatinine trend is available, 

a short questionnaire is applied to identify patients at risk 

of having abnormal renal function. It is recommended by 
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the European Society of Urogenital Radiology to identify 

patients with a higher risk of abnormal renal function prior 

to administration of any contrast media eliminated via the 

renal route.'33' The questions are as follows: 

1. Have you ever been told you have renal problems? 

2. Have you ever been told you have protein in your 

urine? 

3. Do you have high blood pressure? 

4. Do you have diabetes mellitus? 

5. Do you have gout? 

6. Have you ever had kidney surgery? 

If the answer to any of the above questions is "Yes", it 
is recommended to obtain a serum creatinine sample and to 

establish the patient's eGFR before GBCA administration. 

If the answers to all the questions is "No", there is a high 

likelihood (up to 94%) that the serum creatinine will be 

within normal, and we can proceed with the administration 

of a GBCA, other than gadodiamide. This is an interim 

measure and we are working towards a workflow whereby 

some form of prescreening'''' is adopted by the referring 

clinician, prior to requesting a GBCA-based MR imaging 

study. 

The exact relationship between NSF and GBCA 

remains unclear, and at present, only epidemiological 

data suggests a possible causal relation. Knowledge of 

this condition is rapidly evolving and there is still a great 

deal that we still do not understand. GBCA is no longer 

regarded as "safe" for patients with severe chronic renal 

failure. It is also important to reiterate that NSF has not 

been described in patients with normal renal function 

and were administesed GBCAs. A screening, or even 

prescreening, policy should be adopted to identify patients 

who may be at a higher risk for renal impairment, and 

hence, NSF after GBCA-enhanced MR imaging. The 

subsequent management of the patient should be guided by 

the patient's serum creatinine level or GFR. When GBCAs 

are used in high -risk patients, it is important to document 

the exact contrast agent used and the dose administered. 

If doubts exist, discussion with your local radiologist is 

strongly recommended. 
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