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Nephrogenic Systemic Fibrosis:
An Update and Literature Review

AABBSS  TTRRAACCTT  Nep hro ge nic syste mic fib ro sis is a scle romy xe de ma-li ke der mo pathy cha rac te ri zed by
acu te symmet ric ery the ma to us pa pu les, har de ning of the skin, swel ling of dis tal parts of the ex tre -
mi ti es and no du les. Syste mic fib ro sis and cal ci fi ca ti on of or gans inc lu ding ske le tal musc le, esop ha -
gus, lungs, myo car di um and kid ney are se en. Ma jo rity of ca ses oc cur in he mo di aly sis pa ti ents,
ho we ver the di se a se may al so de ve lop in pe ri to ne al di aly sis pa ti ents, in pa ti ents with re nal fa i lu re
who ne ver ha ve re ce i ved di aly sis and in re nal trans plant re ci pi ents. His to pat ho lo gi cal chan ges vary
from a scant pro li fe ra ti on of fib rob lasts and mi ni mal col la gen pro duc ti on to mo re flo rid num bers
of fib rob lasts and col la gen de po si ti on in re ti cu lar der mis and sub cu tis. An te ce dent syste mic ad mi -
nis tra ti on of ga do li ni um-con ta i ning con trast agents du ring mag ne tic re so nan ce ima ging, par ti cu -
larly ga do di a mi de, is re por ted in ma jo rity of ca ses. Dif fe ren ti al di ag no sis inc lu des ot her di se a ses
pre sen ting with der mal scle ro sis (e.g. scle ro der ma). Among pro mi sing tre at ment mo da li ti es are ste -
ro ids, im mu no sup res si on, an ti his ta mi nics, plas map he re sis, pho top he re sis, Uv-A and an gi o ten sin
con ver ting enz yme in hi bi tors. Pre ven ti on inc lu des avo i dan ce of ga do di a mi de in pa ti ents with glo -
me ru lar fil tra ti on ra te less than 30 mL/min/1.73 m2 and a ca re ful con si de ra ti on of risks/be ne fits of
ga do li ni um-en han ced mag ne tic re so nan ce ima ging. When ine vi tab le, the lo west do se of ga do li ni -
um-con ta i ning con trast agent pos sib le sho uld be ad mi nis te red and re pe a ted do sing wit hin one we -
ek sho uld be avo i ded. Hydra ti on the rapy to fa vor re nal ex cre ti on of ga do li ni um-con ta i ning con trast
agent is sug ges ted. In sta ge 4 and 5 chro nic re nal fa i lu re pa ti ents, he mo di aly sis the rapy sho uld be
con si de red af ter ga do li ni um ad mi nis tra ti on to eli mi na te the con trast agent.

KKeeyy  WWoorrddss::  Nephrogenic fibrosing dermopathy; gadolinium; kidney failure, chronic

ÖÖZZEETT  Nef ro je nik sis te mik fib ro zis, akut si met rik eri te ma töz pa pül ler, cilt te ka lın laş ma, eks tre mi -
te le rin dis ta lin de ka lın laş ma ve no dül ler le ka rak te ri ze skle ro der ma-ben ze ri bir der mo pa ti dir. İske -
let ka sı, özo fa gus, ak ci ğer ler, mi yo kard ve böb rek te sis te mik fib ro zis ve kal si fi kas yon gö rül mek te dir.
Ol gu la rın ço ğu he mo di ya liz hastalarıdır, an cak has ta lık ay nı za man da pe ri ton di ya li zi has ta la rın -
da, hiç di ya liz te da vi si al ma yan böb rek yet mez li ği olan lar da ve böb rek nak li alı cı la rın da da ge li şe -
bil mek te dir. His to pa to lo jik de ği şik lik ler re ti kü ler der mis ve sub kü tis te az sa yı da fib rob last ço ğal ma sı
ve mi ni mum kol la jen üre ti min den, da ha faz la sa yı da fib rob last ço ğal ma sı ve kol la jen de po lan ma -
sı na ka dar de ği şik lik gös te rir. Ol gu la rın ço ğun da ön ce den man ye tik re zo nans gö rün tü le me sı ra sın -
da ga do lin yum içe ren kon trast ajan -özel lik le ga do di a mi d- kul la nı mı ra por edil miş tir. Ayı rı cı ta nı
der mal skle roz ile gi den di ğer has ta lık la rı (örneğin; skle ro der ma) içer mek te dir. Umut va ad edi ci
te da vi ler ara sın da ste ro id ler, im mün süp re sif ler, an ti his ta mi nik ler, plaz ma fe rez, fo to fe rez, Uv-A ve
anjiyotensin dö nüş tü rü cü en zim in hi bi tör le ri sa yı la bil mek te dir. Ko run ma ön lem le ri glo me rü ler
fil tras yon hı zı 30 mL/dakika/1.73 m2’nin al tın da olan has ta lar da ga do di a mi d kul la nı mın dan ka çı nıl -
ma sı ve ga do lin yum lu man ye tik re zo nas gö rün tü le me nin za rar/kar ora nı nın dik kat li ce göz den ge -
çi ril me si ni içer mek te dir. Ka çı nıl maz ol du ğun da, müm kün olan en az doz da ga do lin yum içe ren
kon trast ajan kul la nıl ma lı ve bir haf ta için de doz tek ra rın dan ka çı nıl ma lı dır. Ga do lin yum içe ren
kon trast aja nın re nal atı lı mı nı  des tek len me si için hid ras yon te da vi si öne ril mek te dir. Ev re 4 ve 5 kro -
nik böb rek yet mez li ği olan has ta lar da ga do lin yum ve ril me sin den son ra kon trast aja nın atıl ma sı için
he mo di ya liz te da vi si göz önün de bu lun du rul ma lı dır. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Nef ro je nik sis te mik fib ro zis; ga do li ni yum; kro nik böb rek yet mez li ği
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n 2000, Cow per et al. des cri bed a uni qu e scle-
romy xe de ma-li ke der mo pathy that de ve lo ped
in 15 re nal di aly sis pa ti ents se en over a pe ri od

of 3 ye ars.1 The con di ti on, which they sub se qu ently
na med as nep hro ge nic fib ro sing der mo pathy
(NFD), ma ni fes ted with mar ked skin thic ke -
ning/har de ning and hyper pig men ta ti on of the
limbs and the trunk. Fle xi on con trac tu res of the up -
per ex tre mity jo ints we re oc ca si o nally as so ci a ted
with the con di ti on.2 Alt ho ugh the pro cess re semb -
led scle romy xe de ma, cli ni cal and his to pat ho lo gi cal
fe a tu res war ran ted the de sig na ti on of a new dis tinct
cli ni co pat ho lo gi cal en tity. Sin ce its first pub lis hed
des crip ti on in 2000, NFD has be en se en exc lu si vely
in pa ti ents with re nal di se a se and mostly af fects the
skin and sub cu ta ne o us tis su e. Re cent re ports des -
cri bing in vol ve ment of ad di ti o nal or gans and the
ob ser va ti on that the di se a se is me di a ted by a cir cu -
la ting cell imply that NFD is a syste mic di se a se. Ac-
cor dingly, a chan ge to the mo re des crip ti ve na me,
nep hro ge nic syste mic fib ro sis (NSF), was con si de -
red to mo re ac cu ra tely ref lect di se a se no so logy. Ot -
her eponyms such as scle romy xe de ma-li ke ill ness
of re nal di se a se, scle romy xe de ma-li ke ill ness of he-
mo di aly sis, scle romy xe de ma-li ke fib ro mu ci no sis
and di aly sis-as so ci a ted syste mic fib ro sis may al so be
fo und in the li te ra tu re in as so ci a ti on with this en-
tity.3

EPI DE MI O LOGY

NSF oc curs exc lu si vely in pa ti ents with pre e xis ting
re nal in suf fi ci ency.2 The on set of NSF is va ri ab le
and may oc cur days, months or ye ars af ter the on -
set of re nal fa i lu re or the start of di aly sis.4 Ap pro -
xi ma tely, 90% of pa ti ents with NSF har bor
di aly sis-de pen dent chro nic re nal in suf fi ci ency.2

Ra re ca ses of NSF oc cur in pa ti ents with acu te re -
nal fa i lu re (e.g. du e to obs truc ti ve uro pathy) or acu -
te he pa to re nal syndro me ha ve be en re por ted.4,5

Alt ho ugh de ve lop ment of NSF has be en as cri -
bed to re nal dysfunc ti on from a mul ti tu de of fac-
tors, it is not li kely re la ted to the du ra ti on or
se ve rity of re nal di se a se. An te ce dent syste mic ad-
mi nis tra ti on of ga do li ni um (Gd)-con ta i ning con-
trast agents, par ti cu larly ga do di a mi de (wit hin 3
months of di se a se on set) has be en in cre a singly re-

por ted in pa ti ents with NSF.2 NSF oc curs equ ally
in both se xes, ran ging in age from 8 to 87 ye ars old
(me an 46.4 ye ars old). The re is no ra ce pre di lec ti -
on. Ca ses ha ve be en re por ted in the US and se ve ral
co un tri es in Eu ro pe and Asi a.3

The eti o logy of re nal di se a se in pa ti ents with
NSF is highly va ri ab le as well. Ne it her the eti o logy,
nor the se ve rity of re nal dysfunc ti on cor re la tes
with se ve rity of NSF. Em bo lic events, vas cu lo -
pathy, pri mary kid ney di se a ses, di a be tes mel li tus,
hyper ten si on, cyclos po ri ne nep hro to xi city and sys-
te mic au to im mu ne di se a ses ha ve all be en re por ted
as ca u ses of re nal fa i lu re in pa ti ents with NSF. The
ma jo rity of ca ses oc cur in pa ti ents who ha ve be en
tre a ted with he mo di aly sis alt ho ugh the di se a se may
al so de ve lop in pe ri to ne al di aly sis pa ti ents and in
pa ti ents with re nal in suf fi ci ency who ne ver has re-
ce i ved di aly sis. Se ve ral ca ses ha ve be en al so re por -
ted in re nal trans plant re ci pi ents.4

CLI NI CAL PRE SEN TA TI ON 

Cli ni cal fe a tu res of NSF may inc lu de an acu te pha se
that im me di a tely fol lows ex po su re to Gd-ba sed con-
trast me di a and an over lap ping chro nic pha se cha r-
ac te ri zed by prog res si ve fib ro sis. Fe a tu res in the
acu te pha se are va ri ably pre sent and mi mic syste mic
inf lam ma tory res pon se syndro me: Fe ver, hypo ten -
si on, acu te kid ney in jury, ane mi a, le u ko eryt hrob -
las tic pic tu re, throm bocy to pe ni a or throm bocy to sis,
le u kocy to sis, eo si nop hi li a, mo nocy to sis, ele va ted g-
glu tamyl pep ti da se, ele va ted li pa se and ele va ted D-
di mer. Dec re a sed to tal iron-bin ding ca pa city,
ele va ted se rum fer ri tin, low se rum al bu min and el-
e va ted C-re ac ti ve pro te in are in va ri ably pre sent. Be-
ca u se many pa ti ents ha ve cri ti cal ill nes ses such as
sep sis, acu te pan cre a ti tis, he pa to re nal syndro me, or
acu te graft dysfunc ti on that pre ce des NSF, the acu -
te pha se of syste mic fib ro ge ne sis may go un re cog ni -
zed. On set of the chro nic pha se is al so va ri ab le: As
early as 4 days or as la te as se ve ral months af ter Gd-
ba sed con trast me di a ex po su re.6

SKIN IN VOL VE MENT

Pa ti ents typi cally de ve lop acu te, symmet ric, pla qu -
e-li ke in du ra ti ons in vol ving the lo wer limbs and
oc ca si o nally, the up per limbs, trunk and but tocks.7
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The pri mary skin le si ons of NSF inc lu de symmet -
ric, ery the ma to us pa pu les that co a les ce to brawny
pla qu es with an “ame bo i d” or ser pi gi no us ed ge.
Wo ody or pe a u d’o ran ge con sis tency of the skin is
cha rac te ris tic.2 Pa ti ents of ten re port pru ri tus, ca u -
sal gi a and sharp pa ins in the af fec ted are as.8 Iso la -
ted no du les and, ra rely, bul la e may be se en in
con junc ti on or fol lo wing the dif fu se skin thic ke -
ning and har de ning.7 In NSF, ini ti al swel ling of dis-
tal parts of the ex tre mi ti es is fol lo wed by
thic ke ning, in du ra ti ons and har de ning of the skin
in a co up le of we eks. The (dis tal) ex tre mi ti es are
the most com mon are as of in vol ve ment, fol lo wed
by the trunk.9 The fa ce is al most ne ver in vol ved
and spa ring of the fa ce is a cha rac te ris tic fe a tu re.2,9

Stif fe ning of the hands and fle xi on con trac tu res al -
so may be se en.6 Tab le 1 sum ma ri zes the cha rac te -
ris tic pro per ti es of NSF.

SYSTE MIC IN VOL VE MENT

NSF is cha rac te ri zed by syste mic fib ro sis and cal ci -
fi ca ti on in vol ving ske le tal musc le, esop ha gus,
lungs, myo car di um and kid ney. Most pa ti ents de-
ve lop jo int con trac tu res and musc le we ak ness wit -
hin days to we eks of on set of the di se a se that may
le ad to sig ni fi cant im mo bi lity in so me pa ti ents. Pa-
ti ents with NSF ha ve a hig her in ci den ce of chro nic
pul mo nary fib ro sis, of ten idi o pat hic in na tu re.2

Da ram et al. re por ted a ca se of NSF in a 39-ye -
ar-old Af ri can-Ame ri can man with end-sta ge re -
nal di se a se se con dary to hyper ten si on. At au topsy,
the re was ex ten si ve thic ke ned fib ro tic skin with
pla qu e-li ke chan ges ac ross the up per chest, ab do -
men and all ex tre mi ti es and bi la te ral up per- and lo -
wer-ex tre mity con trac tu res. Ex ten si ve fib ro us
strands and den se col la ge no us bands we re pre sent

thro ug ho ut the sub cu ta ne o us tis su e and musc le, in-
c lu ding pec to ra lis, cal ves, thighs and di ap hragm.
The re was thic ke ning of the pa ri e tal and vis ce ral
ple u ra, pe ri car di um, di ap hragm, and tu ni ca al bu -
gi ne a. They ob ser ved den se fib ro us tis su e aro und
the gre at ves sels of the he art; den se fib ro sis of the
left ven tric le and sep tum with mild fib ro sis of the
right ven tric le and mild co ro nary at he rosc le ro sis.
The ir exa mi na ti on pro vi ded furt her evi den ce that
the re is syste mic fib ro sis in NSF.10

PAT HO GE NE SIS

NSF is an ac qu i red di se a se, yet con si de red idi o pat -
hic and is ob ser ved in pa ti ents with re nal in suf fi ci -
ency, most but not all of whom ha ve un der go ne
di aly sis for re nal fa i lu re. Sin ce its re cog ni ti on in
1997 and first des crip ti on in li te ra tu re in 2000, mo -
re than 215 ca ses ha ve be en re por ted worl dwi de.1,9

At pre sent, we ha ve very litt le in for ma ti on abo ut
the pre ci se eti o pat ho ge ne sis of this di sor der.8 It has
be en pos tu la ted that ‘‘ a ma te ri al, pos sibly a con trast
agent, me di ca ti on or ot her al ler gen’’ might be de-
po si ted in the tis su es and ser ve as a sur ro ga te tar get
for cir cu la ting fib rocy tes.11 Se ve ral “trig ge r” events
ha ve be en des cri bed that inc lu de non trans plant-
re la ted sur gi cal pro ce du res, he pa to re nal syndro me,
ves sel tra u ma (e.g. fis tu la ope ra ti on and an gi op -
lasty), ad mi nis tra ti on of eryt hro po i e tin or an gi o -
ten sin con ver ting enz yme in hi bi tors and use of
high do se Gd-con ta i ning mag ne tic re so nan ce con-
trast agents.2,9 The pre sen ce of an tip hosp ho li pid an-
ti bo di es has be en de mons tra ted, but the ir ro le in
the de ve lop ment of NSF is unc le ar.4 It is hypot he -
si zed that ves sel in jury may trig ger inap prop ri a te
pro li fe ra ti on and ac ti vity of cir cu la ting fib rocy tes
le a ding to de po si ti on of col la gen and mat rix in the
tar get tis su es. Syste mic fib ro sis, par ti cu larly der mal
fib ro sis, is a hall mark fe a tu re of NSF. Cir cu la ting
fib rocy te, an im mu no lo gi cally uni qu e CD34+ cell,
has be en fo und to be the pre do mi nant cell po pu la -
ti on in skin bi opsy spe ci mens in pa ti ents with NSF.
It is hypot he si zed that NSF re sults from aber rant
traf fic and pro li fe ra ti on of cir cu la ting fib rocy tes,
which con tri bu te to mar ked col la gen and mat rix
de po si ti on in the tar get tis su es, af ter a yet-to-be-
es tab lis hed “im mu no lo gi cal trig ge r”.2

Acute, symmetric, erythematous papules

Woody or peau d’orange consistency of the skin

Swelling of distal parts of the extremities

Thickening, indurations and hardening of the skin

Distinct nodules

Bullae (rare)

Sparing of the face

TABLE 1: The characteristic properties of nephrogenic
systemic fibrosis.
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Eryt hro po i e tin has be en sus pec ted in the pat -
ho ge ne sis of NSF. Swa mi nat han et al. ob ser ved that
pa ti ents un der go ing di aly sis who de ve lop this di s-
or der typi cally re ce i ved high do ses of eryt hro po i -
e tin be fo re di ag no sis, of ten in the con text of acu te
ill ness. They sug ges ted that this as so ci a ti on may in-
di ca te a com mon eti o lo gic link bet we en eryt hro -
po i e tin re sis tan ce and NSF, such as pro lon ged
inf lam ma tory sta tes or de ve lop ment of an ti-eryt -
hro po i e tin an ti bo di es. They al so spe cu la ted that
high-le vel ex po su re to eryt hro po i e tin was an in de -
pen dent con tri bu tor to the di se a se. The ex pres si on
of CD34 on spind le-li ke cells in skin af fec ted by
NSF sug gests in fil tra ti on by bo ne mar row-de ri ved
pro ge ni tors, which may in cre a se in num ber by as
much 300% af ter sti mu la ti on by eryt hro po i e tin.
Furt her mo re, eryt hro po i e tin has be en shown in vi -
vo to trig ger an exag ge ra ted fib rin-in du ced wo und-
he a ling res pon se that is his to lo gi cally si mi lar to
NSF.12

Swa mi nat han et al. pre sen ted the da ta of two
pa ti ents who had iron mo bi li za ti on and inf lam ma -
ti on af ter Gd ad mi nis tra ti on. The ir da ta sug ges ted
that Gd ex po su re in pa ti ents with re nal in suf fi ci -
ency might re sult in a subs tan ti al dec re a se in to tal
iron-bin ding ca pa city and in cre a sed iron mo bi li za -
ti on, re sul ting in trans fer rin over sa tu ra ti on. They
pos tu la ted that in so me pa ti ents, iron mo bi li za ti on
might le ad to trans me tal la ti on and re le a se of fre e
ga do li ni um. Fre e ga do li ni um and ca taly tic iron
might syner gis ti cally co or di na te, re sul ting in oxi -
da ti ve stress, inf lam ma ti on and tis su e in jury.13

HIS TO PAT HO LOGY

Alt ho ugh the epi de mi o lo gi cal fac tors and dis tri bu -
ti on/morp ho logy of the NSF der mo pathy are fa irly
cha rac te ris tic to per mit a cli ni cal di ag no sis, the di-
ag no sis is re a dily con fir med by his to pat ho lo gi cal
exa mi na ti on of a de ep skin bi opsy spe ci men, the
cur rent stan dard cri te ri on of di ag no sis.2

The his to lo gi cal fe a tu res of cu ta ne o us bi op si es
vary de pen ding on the age of the le si on. When bi -
op si ed early in the di se a se, the chan ges may be sub-
t le, with only a scant pro li fe ra ti on of spind led
fib rob lasts and mi ni mal evi den ce of col la gen pro-

duc ti on ap pre ci a ted. Ol der le si ons, ho we ver, de -
mons tra te mo re flo rid num bers of fib rob lasts and
col la gen de po si ti on in the re ti cu lar der mis and sub-
cu tis. The sub cu ta ne o us sep ta e may be ex pan ded
by this fib ro tic pro cess. Mildly in cre a sed amo unts
of stro mal mu cin may al so be no ted but inf lam ma -
ti on is typi cally ab sent. CD34+ der mal den drocy tes
are abun dant, and fac tor XI I I a+ and CD68+ mo no-
cy tes and mul ti nuc le a ted cells are fo und in in cre a -
sed num bers. In early le si ons, in cre a sed num bers
of the se cells we re al so no ted. The early in fil tra ti -
on of the der mis by fac tor XI I I a+/CD68+ cells may
rep re sent a host res pon se to no xi o us sti mu li. In si -
tu hybri di za ti on stu di es of af fec ted skin, musc le
and fas ci a ha ve de mons tra ted in cre a sed ex pres si on
of trans for ming growth fac tor (TGF)-β1 mRNA. It
is pos sib le that the se der mal den drocy tes may be
res pon sib le for the pro duc ti on of this growth fac tor
and the en su ing fib ro sis.11

A mo re at trac ti ve hypot he sis in vol ves bo ne
mar row-de ri ved cells in vol ved in nor mal wo und
re pa ir ter med cir cu la ting fib rocy tes.11 Fib rocy tes
ha ve a spe ci fic im mu nop he noty pe and ex press
CD34, CD11b, CD45, HLA-DR, CD71, CD80,
CD86, which sup port the ir he ma to po i e tic ori gin.
Fib rocy tes ha ve be en shown to be rec ru i ted in re-
s pon se to tis su e in jury, per haps en dot he li al dis rup -
ti on, and they pro du ce inf lam ma tory cyto ki nes,
che mo ki nes, growth and an gi o ge nic fac tors. Fib -
rocy tes are al so a so ur ce of vi men tin, col la gen I and
III and mat rix me tal lop ro te i na ses. So me re ports
show ex ten si ve hya lu ro ni da se de po si ti on in the pa -
pil lary der mis in af fec ted pa ti ents. Un der the inf -
lu en ce of va ri o us me di a tors, such as TGF-b,
fib rocy tes can dif fe ren ti a te in to myo fib rob lasts.
Myo fib rob lasts ap pe ar to rep re sent a small pro por -
ti on of the spind le cells in NSF. In cre a sed le vels of
TGF-β ha ve be en fo und in the skin and musc le of
so me af fec ted pa ti ents and in as so ci a ti on with
drugs used in re nal the rapy. Cu ta ne o us bi op si es ob-
ta i ned from NSF pa ti ents typi cally con ta in no mi-
to tic fi gu res, sug ges ting that the CD34+/col la gen+

fib rocy tes that are pre sent ari se by rec ru it ment
from the cir cu la ti on and not by pro li fe ra ti on in si -
tu. Furt her re se arch is on go ing to elu ci da te the mo-
le cu lar sig nals that may con trol fib rocy te
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rec ru it ment and traf fic king in to skin, which may
be dysre gu la ted in NSF.3

RO LE OF CON TRAST AGENTS

Con trast-en han ced mag ne tic re so nan ce an gi og -
raphy is of ten used to eva lu a te pa ti ents with re nal
fa i lu re for trans plant eli gi bi lity, for vi su a li za ti on of
vas cu lar ana tomy or for post-trans plant comp li ca -
ti ons. Ga do di a mi de was ap pro ved in 1993 for mag-
ne tic re so nan ce ima ging (MRI) but was not
ro u ti nely used in pa ti ents with chro nic re nal in suf-
fi ci ency un til 1997. Ga do li ni um-ba sed con trast
agents are con si de red less nep hro to xic than the ir
io di na ted co un ter parts. All Gd-ba sed con trast
agents are for mu la ted with ex cess che la te, be ca u se
fre e Gd3+ is highly to xic. Of the 5 ga do li ni um che -
la tes ava i lab le in the Uni ted Sta tes, ga do di a mi de
has one of the hig her acid dis so ci a ti on ra tes and a
lo wer ther mody na mic sta bi lity. The re fo re, this
agent must be pre pa red with a re la ti vely high con-
cen tra ti on of che la te to mi ni mi ze the amo unt of
Gd3+ for med in vi vo. The half-li fe of ga do di a mi de
in he althy pa ti ents is less than 2 ho urs, but it can
ex ce ed 120 ho urs in pa ti ents with re nal in suf fi ci -
ency.14

Grob ner was the first to sug gest a ca u sa ti ve ro -
le for Gd-con ta i ning con trast agents in the pat ho -
ge ne sis of NSF. Fi ve of 9 end-sta ge re nal di se a se
pa ti ents de ve lo ped skin chan ges 2 to 4 we eks af ter
un der go ing mag ne tic re so nan ce an gi og raphy stu d-
i es. Ga do di a mi de was the con trast agent used in all
pa ti ents and all af fec ted pa ti ents had me ta bo lic aci-
do sis.15 Sub se qu ent stu di es ha ve sug ges ted that NSF
is tem po rally re la ted to syste mic ad mi nis tra ti on of
ga do di a mi de in pa ti ents with mo de ra te to se ve re
re nal in suf fi ci ency. NSF de ve lo ped af ter a la tent
pe ri od of 2 to 11 we eks; the vo lu me ran ge of ga do -
di a mi de used was 9 to 25 mmol (ave ra ge, 37 mL).
An te ce dent ga do di a mi de use has be en do cu men ted
in mo re than 95% of the pa ti ents. Of the 5 FDA-
ap pro ved Gd agents for MRI stu di es, 3 agents ha ve
be en lin ked to the de ve lop ment of NSF. NSF has
be en as so ci a ted with both stan dard-do se and high-
do se Gd ad mi nis tra ti on. The exact ro le of Gd che -
la tes in the eti o pat ho ge ne sis of NSF is still be ing
in ves ti ga ted.2

Marc kmann et al. iden ti fi ed 13 ca ses of NSF
who we re ex po sed to ga do di a mi de for mag ne tic re -
so nan ce ar te ri og raphy of ili ac and lo wer limb ves-
sels and de ve lo ped NSF du ring a 10-month pe ri od.
Me an age at first sign of NSF was 50 ye ars (ran ge 33
to 66 ye ars). All pa ti ents had end-sta ge re nal di se -
a se, but they dif fe red with res pect to pri mary re -
nal di se a se. The me di an ti me from ga do di a mi de
ex po su re to first me di cally re cor ded no te of cli ni -
cal signs that we re in di ca ti ve of NSF was 25 days
(ran ge 2 to 75 days). The odds ra ti o for ac qu i ring
the di se a se when ex po sed to ga do di a mi de was 32.5.
Marc kmann et al. did not find an as so ci a ti on with
aci do sis; ho we ver, they did not ha ve blo od samp les
from the day of ga do di a mi de ex po su re, ex cept in
thre e ca ses.16

Bro o me et al. in ves ti ga ted 559 mag ne tic re so -
nan ce exa mi na ti ons (301 we re con trast-en han ced
with ga do di a mi de) per for med on 168 di aly sis pa ti -
ents du ring 6-ye ar pe ri od. Twel ve pa ti ents we re di-
ag no sed with NSF. All af fec ted pa ti ents de ve lo ped
cha rac te ris tic skin chan ges 2 to 11 we eks af ter ga -
do di a mi de ad mi nis tra ti on. The odds ra ti o for de ve -
lop ment of NSF af ter ga do di a mi de ex po su re was
22.3.5

Eve ne po el et al. re por ted two ca ses of NSF in
2004.17 The uni qu e and com mon fac tor for all of
the NSF re ports was that most pa ti ents had re ce i -
ved ga do di a mi de, with only a few pa ti ents who
ha ve had ot her Gd-con ta i ning con trast agents (ga -
do pen ta te or ga do ver se ta mi de). Anot her com mon
fe a tu re of most of the af fec ted pa ti ents was the
high do se of Gd-con ta i ning con trast agent used in
the pa ti ents re por ted, as most had mag ne tic re so -
nan ce an gi og rams, whe re two-to thre e fold do ses
of Gd-con ta i ning con trast agent we re ne e ded (0.2-
0.3 mmol/kg body we ight ins te ad of 0.1 mmol/kg
with con ven ti o nal MRI), a fe a tu re of pos sib le re le-
van ce in pa ti ents with im pa i red re nal cle a ran -
ce.9

Boyd et al. re por ted a ca se of NSF in a 68-ye ar
old fe ma le. Her past his tory was sig ni fi cant for
chro nic he pa ti tis C vi rus in fec ti on-in du ced he pa tic
fa i lu re, for which she re ce i ved a li ver trans plant in
1995. Cyclos po ri ne the rapy-in du ced re nal fa i lu re
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ne ces si ta ted he mo di aly sis in 2006. Thre e we eks la -
ter, the pa ti ent un der went an in-pa ti ent MRI he art
scan using Gd-con ta i ning con trast ma te ri al. The
pa ti ent had aci do sis, hypo cal ce mi a and hyperp -
hosp ha te mi a, and de ve lo ped wo ody in du ra ti ons on
her arms and fo re arms, cal ves and shins; a punch
bi opsy was con sis tent with NSF. In te res tingly, a
scan ning elec tron mic ros copy and energy dis per si -
ve X-ray spec tros copy de mons tra ted Gd only in
are as of cal ci um phosp ha te de po si ti on in blo od ves-
sels.11

GA DO LI NI UM

Ga do li ni um, with ato mic num ber 64, be longs to
the lant ha ni de se ri es. Non-comp le xed Gd is un su -
i tab le for cli ni cal use, as it may pre ci pi ta te and is
re ta i ned for long pe ri ods in the body. In so lu bi lity
and to xi city of Gd is lar gely eli mi na ted by for ming
eit her mac rocy clic or li ne ar che la tes, for examp le
Gd-DTPA (di eth yle ne tri a mi ne pen ta a ce tic acid).
The bi oc he mi cal ef fects in du ced by Gd salts, for ex-
amp le GdCl3 (Gd chlo ri de), may oc cur thro ugh in-
ter fe ren ce with in tra cel lu lar cal ci um-de pen dent
pro ces ses and cal ci um entry in to cells. Ga do li ni um
pre su mably disp la ces cal ci um ions from ca ti on-bin -
ding si tes on cel lu lar mem bra nes and binds to and
ac ti va tes the ex tra cel lu lar cal ci um-sen sing re cep -
tor, which is pre sent on va ri o us tis su es li ke fib rob -
lasts, kid ney, pa rath yro id glands, he pa tocy tes and
pan cre as. GdCl3 can form mi ne ral em bo li in the
cir cu la ti on, which are de po si ted in the ca pil lary
bed of or gans and are ta ken up by pha gocy to sis.
Elec tron-den se de po sits fo und in va ri o us or gans
ha ve be en shown to con ta in Gd and may con sist of
a comp lex of Gd and phosp ha te. Fre e Gd ion al so
blocks mac rop ha ge func ti on and may ca u se cell de -
ath, which is li kely to oc cur as a re sult of ini ti al
pha gocy to sis of Gd par tic les. This pro cess is li kely
to be me di a ted by pi nocy to sis-ba sed in ter na li za ti -
on. The se qu en ce of events du ring Gd per me a ti on
thro ugh the cell mem bra ne in to eryt hrocy tes starts
with Gd bin ding to mem bra ne phosp ho li pid, fol lo -
wed by a trans fer to mem bra ne pro te ins and ends
with a pha se tran si ti on in the li pid bi la yer and ag-
gre ga ti on of mem bra ne pro te ins that re sult in the
per fo ra ti on of the mem bra ne.9

In tra cel lu lar Gd has be en re cently iden ti fi ed
in skin bi opsy spe ci mens by using elec tron mic ros -
copy and X-ray spec tros copy. Ga do li ni um de po sits
we re do cu men ted in are as of cal ci um phosp ha te
de po si ti on in der mal blo od ves sels. Tis su e de po si ti -
on of in tra cel lu lar, to xic, fre e Gd ions may le ad to
inf lam ma tory re ac ti on with rec ru it ment and in cre -
a sed ac ti vity of cir cu la ting fib rocy tes ul ti ma tely re-
sul ting in tis su e fib ro sis. Al ter na ti vely, the ex cess
che la te pre sent in cer ta in Gd agents may al ter me -
tal ho me os ta sis wit hin the tis su es. In te res tingly,
high con cen tra ti ons of ot her me tals such as zinc,
cop per and iron we re fo und in the tis su e spe ci -
mens. It is pla u sib le that in pa ti ents with re nal in-
suf fi ci ency, a syste mic “me tal lo path y” may exist
that may pre dis po se to the de ve lop ment of NSF.2 It
has be en spe cu la ted that the iron ac cu mu la ti on
might pos sibly re sult from con ta mi na ti on by the
mic ro to me bla de it self, but may al so be du e to iron
ad mi nis tra ti on to di aly sis pa ti ents even tu ally in lar -
ge bo lu ses. De po si ti on of iron in the tis su e might
be fa vo red by an iron-li be ra ting ef fect of Gd-che -
la te with ele va ti on of fre e se rum iron, es pe ci ally in
iron-over lo a ded pa ti ents af ter Gd-con ta i ning con-
trast me di a exa mi na ti on. Fre e iron is highly to xic
and, be si des ot her ef fects, le ads to me ta bo lic aci do-
sis and might be an ad di ti o nal co fac tor to trig ger fi-
b ro sis. An in te res ting hypot he sis can be sug ges ted
on the ro le of cir cu la ting fib rocy tes. The se re cently
cha rac te ri zed blo od-bor ne cells, cir cu la ting fib -
rocy tes po si ti ve for CD34 and pro col la gen and in-
vol ved in wo und he a ling, may in va de the der mis
and dif fe ren ti a te to der mal cells, re semb ling func-
ti o nally and his to lo gi cally nor mal fib rob lasts, the -
reby in du cing the fib ro sing pro cess. Abun dan ce of
CD34-po si ti ve cells was shown in the spe ci mens
and af ter trans me tal la ti on of Gd–c he la te comp le -
xes, fre e Gd (and ot her me tals li ke iron) may be a
tar get for the se cir cu la ti on fib rocy tes. The re fo re,
cu ta ne o us Gd de po si ti on may ser ve as a ni dus for
the fib ro sing pro cess that le ads to the de ve lop ment
of NSF.9

GA DO LI NI UM AND END-STA GE RE NAL DI SE A SE

Ga do li ni um-con ta i ning con trast me di a with a half-
li fe of abo ut 2 ho urs in pa ti ents with nor mal re nal
func ti on are al most exc lu si vely ex cre ted by the
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kid neys. In pa ti ents with de ran ged re nal func ti on,
the half-li fe of the se agents is pro lon ged and may
ex ce ed 30 to 120 ho urs. In ad di ti on, ga do di a mi de,
a no ni o nic low-os mo lar Gd agent pos ses ses ex cess
che la te (12 mg/mL). The half-li fe of ga do di a mi de
is pro lon ged (34.3 ho urs) in pa ti ents with end-sta -
ge re nal di se a se com pa red with 1.3 ho urs in sub-
jects with nor mal kid ney func ti on.2 The de la yed
ex cre ti on of the con trast agent in pa ti ents with re -
nal im pa ir ment dra ma ti cally in cre a ses the con tact
ti me with the body and thus en han ces the risk of
bi o lo gi cal re ac ti ons. Re pe a ted Gd ad mi nis tra ti on,
es pe ci ally of li ne ar com po unds, in cre a ses the risk
of to xi city. Furt her mo re, nep hro to xi city re la ted to
Gd use is di rectly re la ted to the app li ed do se of con-
trast agent in mo le.18

The ma jo rity of pa ti ents re por ted with NSF af -
ter con trast MRI stu di es we re ad mi nis te red ga do -
di a mi de.9,18 This may be at tri bu ted, to so me ex tent,
to the fact that ga do di a mi de is among the most wi -
dely used Gd-con ta i ning con trast agents, es pe ci ally
in Eu ro pe.9 Sing le ca ses ha ve be en re por ted in the
USA and Eu ro pe af ter ga do pen te ta te di meg lu mi ne
and ga do ver se ta mi de, which both form li ne ar com-
p le xes. Mac rocy clic agents such as ga do te ri dol, ga -
do but rol or ga do te ra te meg lu mi ne are slightly
mo re stab le than li ne ar comp le xes be ca u se the Gd3+

is ca ged in a ca vity. Li ne ar com po unds ex hi bit mo -
re to xic ef fects af ter re pe a ted ad mi nis tra ti ons than
cyclic com po unds, par ti cu larly on the rep ro duc ti -
ve func ti ons and the skin. Furt her on, a high num-
ber of io nic bonds bet we en the li gand and Gd
in cre a se the sta bi lity of the che la tes. The re fo re, the
dyna mic pro cess of Gd re le a se dif fers from one che -
la te to anot her (dis so ci a ti on ki ne tic ra te e.g., at low
pH).18

The mo le cu lar struc tu re of che la te bin ding Gd
in the ca se of ga do di a mi de is al so li ne ar. It is a non-
tis su e-spe ci fic and non-io nic low os mo lar (780
mOsm/kg) agent. As it is less stab le, ga do di a mi de
dif fers from most ot her non-tis su e-spe ci fic ex tra -
cel lu lar MRI con trast agents by ha ving an ex cess of
che la te. In he mo di aly sis and pe ri to ne al di aly sis pa-
ti ents, half-li fe is pro lon ged to 2.6 ho ur and 52.7
ho ur, res pec ti vely. The Gd ex cre tory ra tes vi a he-
mo di aly sis me a su red to be at an ave ra ge ra te of

78.2, 95.6, 98.7, and 99.5% in the first to fo urth
stan dard he mo di aly sis ses si on (i.e. 4 ho ur ses si ons
every ot her day, thre e/we ek), res pec ti vely. In re -
nal fa i lu re, the re is com mon evi den ce of the inf lu -
en ce of both me ta bo lic aci do sis and ab sen ce of
ade qu a te cle a ran ce of Gd-con ta i ning con trast
agent.9

DIF FE REN TI AL DI AG NO SIS

A list of dif fe ren ti al di ag no ses inc lu des, but is not
li mi ted to, scle ro der ma, scle romy xe de ma, syste mic
scle ro sis/morp he a, eo si nop hi lic fas ci i tis, eo si nop -
hi li a-myal gi a syndro me, Spa nish to xic oil syndro -
me, scle re de ma of Busc hke, che mi cal in du ced
fib ro sis, fib rob las tic rhe u ma tism, amy lo i do sis, car-
ci no id syndro me, bor re li o sis, porph yri a cu ta ne a
tar da, cal ci fi la xis and der ma to fib ro sar co ma pro tu -
be rans. In early sta ges, NSF may mi mic cel lu li tis,
pan ni cu li tis and drug re ac ti ons.3

Dif fe ren ti a ti on of NSF from ot her scle ro sing
and mu ci no us de po si ti on di sor ders is of pa ra mo unt
im por tan ce. Scle romy xe de ma can be dif fe ren ti a ted
from NSF by the lo ca li za ti on of cu ta ne o us in vol ve -
ment and the morp ho logy of le si ons. Scle romy xe -
de ma typi cally af fects the fa ce and neck with waxy,
li ne arly dis tri bu ted pa pu les. Un li ke scle romy xe de -
ma, NSF usu ally do es not inc lu de se ve re syste mic
ma ni fes ta ti ons such as myo pathy, eo si nop hi li a, art -
hri tis, ce reb ral symptoms and ar te ri osc le ro tic chan -
ges in the ocu lar fun dus, kid ney and co ro nary
ar te ri es. In ad di ti on, IgG-c pa rap ro te i na e mi a,
which is a cha rac te ris tic fe a tu re of scle romy xo e de -
ma, is not se en in NSF. NSF dif fers from syste mic
scle ro sis or the lo ca li zed va ri ant, morp he a, in its
morp ho logy, dis tri bu ti on, and his to pat ho logy and
in lac king au to an ti bo di es. Scle ro tic le si ons pre sent
as ivory-co lo red pla qu es, which may in vol ve the
fa ce. Pa ti ents with syste mic scle ro sis and CREST
syndro me can ex hi bit a spec trum of fin dings, such
as art hri tis, fle xi on con trac tu res, scle ro dactyly and
sub cu ta ne o us cal ci fi ca ti on. NSF al so can re sult in
fle xi on con trac tu res; ho we ver, scle ro dactyly has
ne ver be en re por ted in the se pa ti ents. Mat-li ke te -
lan gi ec ta ses on the che eks and tigh te ning of the
no se al so are com mon in scle ro der ma. Furt her cri-
te ri a to dis tin gu ish scle ro der ma from NSF are the
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pre sen ce of cir cu la ting an ti nuc le ar an ti bo di es, inc -
lu ding an ti-Scl-70 or an ti cen tro me re an ti bo di es
(fo und in the CREST va ri ant of syste mic scle ro sis).
Eo si nop hi lic fas ci i tis (Shul mann syndro me) can be
dis tin gu is hed from NSF by its lack of as so ci a ti on
with re nal di se a se. In ad di ti on, eo si nop hi lic fas ci i -
tis is usu ally pre ci pi ta ted by an epi so de of unu su al
exer ti on. Pa ti ents usu ally ha ve a pe rip he ral blo od
eo si nop hi li a, an in cre a sed eryt hrocy te se di men ta -
ti on ra te and hyper gam mag lo bu li ne mi a. Porph yri -
a cu ta ne a tar da can be exc lu ded by porph yrin
stu di es, and pre sen ce of cha rac te ris tic cli ni cal fin -
dings such as bul la e, pho to sen si ti vity and hyper -
tric ho sis. Pa ti ents with eo si nop hi la-myal gi a
syndro me and to xic oil syndro me usu ally ha ve the
his tory of con ta mi na ted subs tan ces (L-tryptop han
and co o king oil, res pec ti vely).7

TRE AT MENT MO DA LI TI ES

Alt ho ugh se ve ral ma na ge ment stra te gi es inc lu ding
skin-di rec ted and syste mic the ra pi es ha ve be en
des cri bed to con trol or re ver se the con di ti on, no
de fi ni te ef fec ti ve the rapy for NSF exists (as of to -
day).2 Up to now, dif fe rent tre at ment mo da li ti es
ha ve be en at temp ted such as to pi cal ste ro ids, in-
tra le si o nal me di ca ti ons, oral pred ni so ne or ot her
im mu no sup pres si ve the ra pi es (Tab le 2). Most of
the se tre at ments ha ve not shown much ef fi cacy,
alt ho ugh the re are so me re ports with pro mi sing
re sults af ter tre at ment by pho top he re sis and ul tra-
vi o let-A ra di a ti on. Ca se re ports ha ve shown go od
res pon ses to ex tra cor po ral pho top he re sis in pa ti -
ents with NSF. Ex tra cor po ral pho top he re sis has
be en pre vi o usly adop ted in ot her scle ro sing di se -

a ses such as scle ro der ma, scle romy xo e de ma and
eo si nop hi lic fas ci i tis with suc cess ful re sults. An-
gi o ten sin-con ver ting enz yme in hi bi tors ha ve be -
en sug ges ted, du e to the ir in hi bi ting ef fects on
TGF-β. High-do se in tra ve no us im mung lo bu lin
may be an ef fec ti ve tre at ment for pa ti ents with
NSF.7 The re ha ve be en anec do tal re ports of pa ti -
ents sho wing so me res pon se to tha li do mi de.3 The
cur rent best pos sib le way to tre at the con di ti on is
by early res to ra ti on of re nal func ti on, mostly by
re nal trans plan ta ti on.2

PRE VEN TI ON STRA TE GI ES

In pa ti ents with mo de ra te or se ve re re nal in suf fi ci -
ency, it is ad vi sab le to avo id Gd agents, par ti cu larly
ga do di a mi de. MRI stu di es wit ho ut Gd ad mi nis tra -
ti on or al ter na ti ve ima ging tech ni qu es may be con-
si de red to ans wer the cli ni cal qu es ti on. In sce na ri os
whe re the be ne fits of the Gd-en han ced MRI exa -
mi na ti on far out we igh the risks, use of lo west pos-
sib le do se of Gd is re com men ded. Pa ti ents with
re nal in suf fi ci ency who re ce i ve Gd agents may be -
ne fit from a prompt he mo di aly sis, pre fe rably wit -
hin 3 ho urs of Gd ad mi nis tra ti on. The pa ti ents with
re nal in suf fi ci ency who re ce i ve Gd agents sho uld
be pe ri o di cally mo ni to red for symptoms and signs
of NSF. Early, ac cu ra te di ag no sis and prompt res to -
ra ti on of re nal func ti on are be ne fi ci al in pa ti ents
with NSF.2

De fi ni ti on of se rum cre a ti ni ne and cal cu la ti on
of es ti ma ted glo me ru lar fil tra ti on ra te is re com -
men ded for pa ti ents be a ring an in cre a sed nep hro -
to xic risk and for all pa ti ents with a his tory of
che mot he rapy, blo od or con nec ti ve tis su e di sor der
or a “pro-inf lam ma tor y” di se a se (ma jor sur gery,
vas cu li tis, throm bo sis, syste mic in fec ti on, li ver cir-
r ho sis, aci do sis) wit hin 6 months pri or to the exa -
mi na ti on. Furt her re nal risk fac tors such as
ad van ced age (> 70 ye ars), sus pec ted or known re -
nal di se a ses, di a be tes mel li tus, ar te ri osc le ro sis, pe-
rip he ral vas cu lar di se a se, con ges ti ve car di ac fa i lu re,
nep hro to xic me di ca ti on (con trast lo ad in the pre vi-
o us 72 ho urs, di u re tics, NSA ID, ami nogl yco si des,
amp ho te ri cin, cyclos po ri ne A), hype ru ri ce mi a and
his tory of di aly sis must be as ses sed.18 Most re cently,
of fi ci al aut ho ri ti es ha ve con si de red ad mi nis tra ti on

Steroids (topical/oral)

Immunosupressive agents (tacrolimus, cyclosporine) 

Intralesional therapies (triamcinolone/methotrexate/interferon-alpha)

Selective antihistaminics (cimetidine and ranitidine)

Intravenous immunglobulin

Plasmapheresis

Photopheresis

Localized psoralen + ultraviolet A

Angiotensin converting enzyme inhibitors

TABLE 2: Promising treatment modalities for 
nephrogenic systemic fibrosis.
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of ga do di a mi de to be con tra in di ca ted in pa ti ents
with a glo me ru lar fil tra ti on ra te less than 30
mL/min/1.73 m2 as well as in li ver trans plant re ci -
pi ents.9 Alt ho ugh aut ho ri ti es did not dis cri mi na te
bet we en dif fe rent Gd pre pa ra ti ons at all, they re c-
om mend a ca re ful con si de ra ti on of risks and be ne -
fits of MRI with Gd-con ta i ning con trast agents and
ad vi se to cho o se al ter na ti ve ima ging met hods whe -
ne ver pos sib le. When ine vi tab le ne vert he less, the
pa ti ent has to be in for med and MRI sho uld be per-
for med with the lo west do se of Gd-con ta i ning con-
trast agent pos sib le (0.1 mMol/kg bw), only af ter
cor rec ti on of aci do sis and exc lu si on of iron over lo -
ad, and re pe a ted do sing wit hin a ti me fra me of one
we ek sho uld be avo i ded.9,18 Ad di ti o nally, Gd sho -
uld be avo i ded if ever pos sib le in ca se of known al-
ler gi es to any Gd con trast agent and known or

di ag no sed NSF.18 Aga in, not evi den ce ba sed, in sta -
ge 3 kid ney pa ti ents, an ap pro ach co uld be cho sen
com pa rab le to con ven ti o nal io di na ted con trast me -
di a, na mely hydra ti on with 1 mL/kg body we ight/h
of 0.9% sa li ne so lu ti on 12 ho ur be fo re to 12 ho ur
af ter the MRI exa mi na ti on to fa vor re nal ex cre ti on
of the Gd-con ta i ning con trast agent. In sta ge 4 and
5 pa ti ents, per for man ce of up to fo ur he mo di aly sis
ses si ons sho uld be con si de red af ter Gd ad mi nis tra -
ti on to eli mi na te the Gd-con ta i ning con trast
agents.9 Mo re stab le Gd comp le xes sho uld be pre-
fer red. It is im por tant to un der li ne the fact, that
most Gd comp le xes may still be used in ca se of ter-
mi nal re nal in suf fi ci ency, but the risk/be ne fit ra ti -
os must di rectly be com pa red to the app li ca ti on of
com pu ted to mog raphy with io di na ted con trast me -
di a.18
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