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Case in Point

 Nephrogenic Systemic Fibrosis
Myrna Muñiz-Ortega, MD and Carlos Rosado, MD

The patient in this case was exposed to a painful, potentially fatal, condition that re-
sults in skin thickening and other debilitating symptoms when he underwent contrast 
MRI. With more and more of these procedures being performed in the United States 

every year, clinicians must be aware of the possible dangers in this patient population. 

Nephrogenic systemic fibrosis 
(NSF), formerly referred to 
as nephrogenic fibrosing der-
mopathy, is a systemic disor-

der that affects patients with chronic 
kidney disease. It is characterized by 
progressive fibrosis and thickening of 
skin and connective tissues and may 
involve multiple organs, resulting in 
significant morbidity. Although the 
cause of the disorder is still considered 
under investigation, recent publica-
tions have indicated that exposure to 
gadolinium-based magnetic resonance 
imaging (MRI) may trigger NSF.1 

Here, we present the case of an 
older man with chronic kidney dis-
ease who presented with signs of NSF 
but wasn’t diagnosed with the condi-
tion until he experienced continued 
problems. This case highlights the 
potential danger of performing gado-
linium-based MRI in patients with 
renal dysfunction. 

Initial exam
An 84-year-old man with stage 3 
chronic kidney disease presented to 
the emergency department (ED) of 
a VA medical center with significant 
pruritus and symmetrical erythem-
atous plaques over his lower abdo-

men and thighs. He reported that his 
symptoms had been progressing in 
severity over a two-week period. He 
was also experiencing weakness in 
his lower extremities and poor ambu-
lation. A diagnosis of irritant dermati-
tis secondary to urinary incontinence 
initially was considered, and he was 
treated with local care and topical 
corticosteroids. 

A week later, he returned to the 
ED with worsening of the lesions and 
more extensive distribution. Some of 
the lesions showed a peau d’orange 
appearance with hyperpigmentation 
and skin thickening (Figure 1). He 
reported no constitutional symptoms. 

This time, a more in-depth his-
tory was sought and revealed that, 
five weeks prior to the initiation of 
signs and symptoms, an abdom-
ino-pelvic MRI with gadopentetate 
dimeglumine (Magnevist, Bayer 
HealthCare Pharmaceuticals, Berlin-
Wedding, Germany) had been per-
formed to characterize a right renal 
lesion observed on computed tomog-
raphy scan. The possibility of NSF 
was entertained due to gadolinium 
exposure, and punch biopsies were 
performed. Histopathologic testing 
showed keratinizing, slightly atro-
phic stratified squamous epithelium; 
dermal spindle cell proliferation with 
extension to the subcutaneous tissue; 
and bands of fibrosis, all of which 
were signs consistent with NSF  
(Figure 2). 

Treatment course
Supportive management was pro-
vided to the patient. Approximately 
six months after the diagnosis he 
became bedridden, which was con-
sidered mostly secondary to the NSF. 
Around this time, the patient began 
showing signs of heart disease and 
was diagnosed with congestive heart 
failure. He then experienced signifi-
cant clinical deterioration, mostly 
from worsening heart failure, and 
died 10 months later. 

ABOUT THE CONDITION

The brief history of NSF
NSF, initially coined nephrogenic 
fibrosing dermopathy, was first ob-
served in 1997 by a dermatopatholo-
gist, Philip LeBoit, MD (and was first 
described in the medical literature 
in 20002), after he reviewed slides of 
skin biopsies of patients undergoing 
unexplained skin thickening.2 It ini-
tially was considered to be a sclero-
myxedema-like disorder.2,3 No gender 
predilection was noted and age at 
onset was variable. The common fac-
tor found in patients with the condi-
tion was the presence of some degree 
of renal insufficiency, with the major-
ity undergoing hemodialysis. 

More recently, Bucala postulated 
that the state of vascular and endo-
thelial dysfunction present in patients 
with renal disease contributes to the 
fibrosing process, with pathogenesis 
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mediated by cells named “circulating 
fibrocytes.”4 These cells participate in 
normal wound healing and express 
two markers, CD34 and procollagen 
I. According to Bucala, the circulating 
fibrocytes migrate from the circula-
tion to the skin, where they resemble 
normal fibroblasts.4 

Initial implicating factors sus-
pected in the development of NSF in 
patients with renal failure included 
the presence of vascular interventions 
(such as fistula procedures and dialy-
sis catheter placement),2,3 erythropoi-
etin administration,5 and the presence 
of serum antiphospholipid antibod-
ies.6 In 2006, however, a direct link 
to gadolinium exposure was made by 
Grobner based on his examination of 
biopsy specimens obtained from nine 
patients with the disorder.1 

In a 2007 population study per-
formed in 467 patients with end-stage 
renal disease living in Connecticut, 87 
patients received a gadolinium-based 
contrast agent a total of 123 times.7 
Three of the 87 patients developed 
NSF within two months, represent-
ing a 3.4% absolute risk of developing 
the disease from gadolinium exposure 
and a 2.4% risk of developing NSF 
per radiologic study. There were no 
cases of NSF development in those 
patients who were not exposed to 
gadolinium.7 

Gadolinium
Gadolinium is a metal. It is part of the 
lanthanide group and shares chemi-
cal and physical characteristics (in-
cluding size, bonding, coordination, 
and donor atom preferences) with 
calcium. Gadolinium has the ability 
to displace calcium ions, with subse-
quent binding and activation of the 
extracellular calcium sensing recep-
tors in many tissues.8 

The free or the natural form of 
gadolinium, which is nonchelated, 
is considered to be toxic and poorly 

soluble. Exposure to naturally occur-
ring gadolinium is extremely uncom-
mon, as it is a rare earth metal. It is 
found in commercial ores, monazite, 
and bastnazite. The industrial uses of 
gadolinium and its compounds are 
in the manufacture of magnets, re-
cording devices, and phosphors for 
color television tubes.9 Material safety 
data sheets for gadolinium and its 
oxide, chloride, boride, and nitrate 
compounds warn against irritation 
of skin, mucosae, and respiratory air-
ways and ataxia.10 

Since gadolinium has seven un-
paired electrons, it is highly para-
magnetic and serves to enhance the 
quality of an MRI scan. Gadolinium-
based contrast agents used in MRI 
are manufactured through a chela-
tion process, in which a cyclic or lin-
ear chelate forms a stable complex 
around the metal and allows for 97% 
of the gadolinium to be eliminated 
by the kidney. This explains why the 
half-life is increased in patients with 
renal insufficiency. In fact, patients 
with end-stage renal disease might re-

quire three or more consecutive ses-
sions of hemodialysis to remove 99% 
of the amount of gadolinium that 
would be injected prior to an MRI.8 
Gadolinium is poorly removed by 
peritoneal dialysis.

Once a gadolinium-based contrast 
agent enters a patient’s circulation, 
it is susceptible to transmetallation 
(which is the release of the free gado-
linium ions capable of binding to en-
dogenous ions, such as iron, copper, 
zinc, and calcium).8 The free gado-
linium binds to phosphate (which is 
elevated in renal disease), producing 
insoluble particles with tissue depo-
sition.11 Exogenous iron may serve 
as a cofactor in the fibrosing process, 
binding to the gadolinium ligand to 
produce further oxidant injury. The 
first signs of NSF can appear any-
where from two to 75 days after ex-
posure to gadolinium.12

The deposition of gadolinium in 
dermal vessel walls of patients with 
NSF has been detected by electron 
microscopy and x-ray spectropho-
tometry. Cutaneous gadolinium in-

Figure 1. Erythematous plaques over the lower abdomen, with peau d’orange appearance.
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teracts with circulating fibrocytes to 
generate the fibrosing cascade.13

An FDA advisory was issued in 
2006 to warn about the use of gadolin-
ium-based contrast agents in patients 
with renal insufficiency.14 A boxed 
warning is now required for all five 
gadolinium-based contrast agents that 
have been approved by the FDA for 
use in the United States. In addition 
to gadopentetate dimeglumine, these 
include gadodiamide (Omniscan, GE 
Healthcare, Chalfont St. Giles, United 
Kingdom), gadoteridol (ProHance, 
Bracco Diagnostics, Inc., Princeton, 
NJ), gadobenate dimeglumine (Mul-
tiHance, Bracco Diagnostics, Inc., 
Princeton, NJ), and gadoversetamide 
(OptiMark, Mallinckrodt, Inc., Hazel-
wood, MO). 

Most of the gadolinium-based con-
trast agents have chelates with a linear 
composition. Gadoteridol, however, 
has a cyclic structure, which the evi-
dence so far has shown is less likely 
to dissociate than linearly structured 
chelates. For instance, Kuo has re-
ported that 96% of 259 cases of NSF 
reported to the FDA’s  MedWatch 
database by May 2007 were associ-
ated with gadodiamide and gadopen-
tetate dimeglubine.15 Although these 
agents are the most frequently used in 
MRI across the United States, Reilly 
points out in his study that, of the 
nine cases of NSF reported to be as-
sociated with the use of gadoteridol 
(according to MedWatch as of Octo-
ber 23, 2007), in only one case was 
it the only gadolinium agent admin-

istered to the patient.16 And in this 
one case, the patient was given five 
doses of the metal in one two-year 
time span. Furthermore, in his ret-
rospective examination of the medi-
cal records of all patients receiving 
long-term hemodialysis at a VA medi-
cal center from 2000 to 2007, Reilly 
found that none of the 141 patients 
(who had 198 gadoteridol exposures) 
developed NSF.16

Presentation, diagnosis, and 
treatment
As of June 2009, 315 cases of NSF 
had been reported to the International 
Nephrogenic Systemic Fibrosis Reg-
istry at Yale University.17 Reported 
manifestations of the disease vary de-
pending on the stage. Early manifesta-
tions are characterized by the presence 
of erythematous plaques that cover a 
patient’s extremities and torso. These 
plaques have a peau d’orange appear-
ance that may progress to a woody 
consistency—hence, the initial name 
of nephrogenic fibrosing dermopathy. 
In later stages there is loss of skin elas-
ticity. Subsequent joint contractures 
and impaired mobility are other fea-
tures of the disease. Involvement of 
internal organs—such as fibrosis of 
skeletal muscles, the diaphragm, renal 
tubules, and coronary arteries—has 
been reported. In our patient, the pos-
sibility of congestive heart failure pre-
senting secondary to progression of 
NSF was strongly suspected due to 
the fact that the patient debuted with 
heart disease at the time he started ex-
hibiting a bedridden state and physi-
cal deconditioning. 

Laboratory assays are nonspe-
cific, with indicators of inflammation 
(such as C-reactive protein levels and 
the erythrocyte sedimentation rate) at 
times elevated. A full thickness skin 
biopsy that shows evidence of fibro-
blast proliferation into the subcutane-
ous tissue is required for diagnosis.18 

Figure 2. Full thickness skin biopsy showing dermal spindle cells proliferation with  
extension to the subcutaneous tissue and bands of fibrosis (box).

Continued on next page
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Therapeutic modalities utilized to 
date include steroids, photopheresis, 
plasmapheresis, immunoglobulin, 
and sodium thiosulfate, but compara-
tive studies are lacking.19–22 Improve-
ment of renal function may halt or 
even reverse the process.3

conclusion
It is estimated that more than 20 
million MRI scans are performed 
annually, with 30% of these using 
gadolinium-based contrast agents.23 
Until safer paramagnetic modali-
ties are available for MRI in patients 
with chronic kidney disease, it seems 
prudent for clinicians to: (1) choose 
noncontrast imaging methods when 
feasible, (2) weigh the benefits and 
risks of radiocontrast nephrotoxicity 
versus NSF in the choice of contrast 
imaging, (3) actively remove gado-
linium by repeated hemodialysis in 
such patients, and (4) avoid contrast 
MRI in patients undergoing peritoneal 
dialysis. � ●
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