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Introduction

Magne tic re s onance  (MR) im aging h as  e s tablis h e d
its e lf both  as  a diagnos tic as  w e ll as  a re s e arch  tool
of ch oice  in m any are as  of h e alth  s cie nce s  be caus e
of its  ability to provide  e xce lle nt im age  q uality and
s pe e d of im aging. Im proving th e  s am e  tw o factors
i.e . im age  re s olution and te m porality, h as  be e n th e
m ain focus  of s tudie s  and te ch niq ue s  aim e d to bring
in ne w  advance m e nts  in MR im aging s ys te m s . As  a
re s ult, s e ve ral m odalitie s  of MR im aging s ys te m  e .g.
gradie nts , and puls e  s e q ue nce s ,h ave  be e n m anipu-
late d to ach ie ve  s e ve ral m ode s  and s e q ue nce s  lik e
diffus ion w e igh te d im aging, diffus ion te ns or im aging,1

MR s pe ctros copy,2 and dynam ic contras t im aging.
More ove r, incre as ing th e  m agne tic fie ld s tre ngth  is
als o of gre at value  as  it incre as e s  th e  s ignal to nois e
ratio (SNR) and contras t to nois e  ratio (CNR)
e s pe cially h e lpful for te ch niq ue s  lik e  MR s pe ctros copy
and functional MRI. H ow e ve r, ultra h igh  fie ld MR

s ys te m s  (7T) h ave  th e ir ow n s afe ty con-ce rns , w h ich
ne e d to be  addre s s e d in orde r to im ple m e nt th e s e
MR s ys te m s  in re s e arch  and clinical fie lds . Th is  article
w ill re vie w  pote ntial s afe ty is s ue s  as  re porte d by
pre vious  s tudie s  and w ill dis cus s  guide line s  re late d
to th e s e  s afe ty is s ue s .

Organizations providing guidelines for safe MRI

practices:

In vie w  of e m e rging applications  of MRI te ch niq ue s ,
s e ve ral organiz ations  h ave  e s tablis h e d guide line s
re garding diffe re nt as pe cts  of patie nt s afe ty unde r-
going MR im aging. Th e s e  include  Food and Drug
Adm inis tration (FDA) guide line s ,3 w h ich  s e ts  lim iting
crite ria for s e ve ral param e te rs  lik e  m ain s tatic fie ld,
s pe cific abs orption rate  (SAR), gradie nt fie lds  rate  of
ch ange  and s ound pre s s ure  le ve l and Inte rnational
Ele ctrote ch nical Com m is s ion (IEC), w h ich  h as  e s ta-
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Incre as e d fie ld s tre ngth s  e xe rt m ore  force  on th e s e
obje cts  w h ich  can be  gre ate r th an 100000 tim e s  th e
force  of gravity.Th e s e  im plants  and m e tallic obje cts
can be  dis lodge d, lifte d, rotate d or dis rupte d. More ove r,
RF w ave le ngth s  at 7T be com e  s h orte r and are  m ore
prone  to re s onate  w ith  th os e  of m e tallic obje cts
caus ing e ne rgy e xch ange  and h e ating.9  Curre nt FDA
guide line s  cons ide r m ain s tatic fie ld s tre ngth s  le s s
th an 8T to be  non-s ignificant ris k  in adults , w h ile  fie ld
s tre ngth s  gre ate r th an 8T ne e d inve s tigational de vice
e xe m ption (IDE). A re ce nt s tudy s h ow e d th at de fle ction
angle s  of m e tallic de ntal im plants  w e re  s ignificantly
large r at 7T th an at 3T MR s ys te m .7 Te m pe rature
incre as e s  w e re  als o s ignificant but s till le s s  th an 1°C
in th is  s tudy. Th e re fore  m e ticulous  s afe ty s cre e ning
pre cautions  s h ould be  tak e n prior to ultra-h igh  fie ld
MR im aging, s e arch ing for all im plante d de vice s  or
oth e r obje cts  lik e  s urgical clips , arte rial line s , s te nts ,
ne e dle s , de ntal pros th e s e s , body pie rcings  and rings ,
re gardle s s  of th e ir s iz e .
Apart from  th e  s tudie s  ide ntifying e ffe cts  of force
cre ate d by s tatic m agne tic fie ld on h um an body and
m e tallic obje cts  (de vice s  and im plants ), s e ve ral s tudie s
h ave  als o be e n done  to e valuate  s tructural, ph ys io-
logical and path ological e ffe cts  of Ultra h igh  fie ld MRI
s ys te m  on h um an body. One  s tudy s h ow e d th at vital
s ign param e te rs  (Dias tolic blood pre s s ure , h e art rate ,
re s piratory rate , body te m pe rature  and puls e  oxyge -
nation le ve ls ) did not ch ange  s ignificantly during MRI
proce dure  e xce pt for s ys tolic blood pre s s ure .8 Anoth e r
s tudy9  als o s h ow e d no s ignificant s h ort te rm  ch ange s
in vital s igns , cardiac function and cognitive  function.
A 2011 m e ta-analys is 10 analyz ing th e  e ffe cts  of s tatic
m agne tic fie lds  on cognition, vital s igns , and s e ns ory
pe rce ption s upporte d th e  non-s ignificant e ffe ct of
s tatic m agne tic fie ld on vital s igns . H ow e ve r, s e ns ory
pe rce ption, as  re porte d in pre vious  s tudie s 11-13 w as
s ignificantly im paire d w ith  diz z ine s s  or ve rtigo be ing
th e  m os t com m on s ym ptom  re porte d. Ve rtigo is  be lie -
ve d to be  caus e d by m agne tic fie ld induce d curre nts
produce d in e ndolym ph  due  to h e ad m ove m e nt in
MR s ys te m .14 Th e ys oh ne t. al (2014) furth e r q uantifie d
th e  e ffe cts  of ultra-h igh  fie ld s tre ngth  im aging at 7T
on ve s tibular s ys te m  us ing s w ay path  and body axis
rotation te s ts  and s h ow e d m ore  te m porary s ide  e ffe cts
e .g. ve rtigo at 7T s ys te m  com pare d to 1.5 T and 3
s ys te m .15 Ve rtigo and pos tural ins tability w e re  e ve n
pre s e nt afte r e xiting th e  MR s ys te m , th e re fore , fall

blis h e d m ode s 4 i.e . norm al ope rating, controlle d and
re s e arch /e xpe rim e ntal (s e cond) to e ns ure  th at ade -
q uate  m e dical s upe rvis ion is  provide d at MR im aging
param e te rs  at h igh  value s . Sim ilarly Inte rnational
Com m is s ion on Non-Ioniz ing Radiation Prote ction
(ICNIRP) provide s  guidance  on h e alth  e ffe cts  of non-
ioniz ing radiations .5 Oth e r guide line s  include  Safe ty
guide line s  by Am e rican Colle ge  of Radiology (ACR),6

M e dicine s  and H e alth care  products  Re gu-latory
Age ncy (M H RA) and Am e rican Socie ty of Te s ting
Me th ods  (ASTM). Th e  s afe ty s tandards  s e t by th e s e
gu ide line s  w ill be  dis cus s e d along w ith  s afe ty
param e te rs  of MR im aging s ys te m .
Ide ntification of pote ntial s afe ty conce rns  re q uire s
th orough  unde rs tanding of bas ic principle s  of MR
im aging.3 Brie fly, m agne tic re s onance  im aging (MRI)
is  bas e d upon th e  principle  of m agne tic re s onance
w h e re by nucle i of atom s  pos s e s s ing fe rrom agne tic
and param agne tic prope rtie s  are  partially aligne d by
a s trong m agne tic fie ld (B0) w h ich  can be  flippe d
us ing radio fre q ue ncy w ave s  (trans m itte d th rough
radio fre q ue ncy (RF) coils ) in th e  pre s e nce  of gradie nt
fie ld (GSS) (produce d th rough  gradie nt coils  for s patial
e ncoding of m agne tic fie ld). Th is  flipping of nucle i w ill
s ubs e q ue ntly re s ult in th e ir os cillations  in th e  m agne tic
fie ld ultim ate ly re ach ing e q uilibrium  point w ith  s im ul-
tane ous  re le as e  of e ne rgy in th e  form  of e le ctrom ag-
ne tic w ave s  w h ich  are  re ce ive d by re ce ive r radio
fre q ue ncy (RF) coils  and th e s e  radio s ignals  are  th e n
us e d to form  de taile d body im age s  us ing diffe re nt
s oftw are . In s h ort th e re  are  th re e  type s  of m agne tic
fie lds  involve d in MR im aging s ys te m  and incre as e
in th e ir s tre ngth s  can h ave  uniq ue  s afe ty conce rns
in living organis m s . Oth e r pote ntial s afe ty is s ue s
w h ich  are  com m on to all fie ld s tre ngth s  m ay aris e
from  th e  us e  of contras t age nts , ane s th e tic age nts ,
bre ath  h olding s pe lls , im plante d de vice s  w ith  m agne tic
prope rtie s , and ce rtain factors  pre s e nt in th e  s urroun-
ding e nvironm e nt e .g. th e  de s ign of MR im aging
m ach ine  its e lf.

Safety concerns related to static magnetic field

(B0):

Static Magnetic field (B0) is  probably th e  m os t
im portant m agne tic fie ld re garding s afe ty is s ue s  as
it is  re s pons ible  for th e  force  and torq ue  on h um an
body at th e  nucle ar le ve l. Th is  force , h ow e ve r, is  als o
applicable  to im plante d de vice s  and m e tallic obje cts .
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trolle d m ode .Th e ys on e t al (2008) als o propos e d th at
th e  dB/dtlim it could be  incre as e d to 120%  le ve l of
s tim ulation th re s h old as  pe riph e ral ne rve  s tim ulation
w as  s till 2.9 %  w h ich  w as  le s s  th an th e  5%  lim it s e t
by FDA/IEC.29

Acous tic nois e , anoth e r s afe ty is s ue  caus e d by gra-
die nt m agne tic fie ld, is  produce d th rough  inte raction
of gradie nt and s tatic m agne tic fie lds  caus ing vibra-
tions  of gradie nt coils  gove rne d by Lore ntz  force s .
Th is  nois e  can re ach  th e  le ve ls  of 126d band m ay
caus e  m ultiple  s ide  e ffe cts  from  anxie ty to partial
h e aring los s .20 Th e re fore , e ffe ctive  nois e  re duction
proce dure s  are  re q uire d at ultra-h igh  fie ld s tre ngth
im aging as  nois e  le ve l incre as e s  w ith  incre as e  in
s tre ngth  of s tatic m agne tic fie ld. Se ve ral s tudie s  h ave
s h ow n th at both  pas s ive  and active  nois e  control
proce dure s  can re duce  s ound le ve ls .21,22 Furth e rm ore ,
de ve lopm e nt of q uie t MRI s e q ue nce s  by optim iz ing
s tandard clinical turbo s pin e ch o (TSE) and gradie nt
e ch o (GRE) s e q ue nce s  can furth e r re duce  th e  nois e
le ve l.23

Safety Concerns Related to Radiofrequency Field:

Radiofre q ue ncy fie ld is  anoth e r as pe ct of MRI s ys te m
w h ich  h as  k now n s afe ty is s ue s , m os t im portant be ing
radiofre q ue ncy (RF) induce d h e ating.24 Radiofre -
q ue ncy coils  trans m it h igh  e ne rgy w ave s  to nucle i for
s pin flip, but a lot of e ne rgy is  als o dis s ipate d in th e
form  of h e at due  to re s is tive  nature  of body tis s ue s .
Ultra h igh  fie ld s tre ngth  im aging e .g 7T s ys te m s  are
particularly m ore  h az ardous  be caus e  th e  incide nt
w ave le ngth s  are  s h orte r and m ore  prone  to re s onate
w h ich  can re s ult in m axim al e ne rgy trans fe r and
s ubs e q ue ntly h e at ge ne ration le ading to an incre as e
in core  body te m pe rature . A m ajor lim itation of 7T
MRI s ys te m , rotating m agne tic fie ld (B1) inh om oge -
ne itie s , is  als o re late d to h e ating as  it cre ate s  inh om o-
ge ne ous  dis tribution of s ignal and SAR (s pe cific
abs orption rate ) inte ns itie s , w h ich  re s ults  in localaz ie d
te m pe rature  incre as e s , s o calle d ‘h ot s pots ’. Unlik e ,
core  body te m pe rature  incre as e , h ot s pots  m ay be
anyw h e re  in th e  body and m ay be  m ore  difficult to
localiz e  and cool dow n. Luck ily, th e  h e ating e ffe ct of
RF fie ld occurs  m ore  at th e  s urface , w h ich  is  e as ie r
to dis s ipate  and th e rm ore gulatory m e ch anis m s  are
lik e ly to furth e r m itigate  th e  RF induce d te m pe rature
ch ange s . Ne ve rth e le s s , s pe cific abs orption rate s
(SAR) s h ould be  calculate d and brough t w ith in FDA/

pre cautions  s h ould be  tak e n for individuals  afte r 7T
MR im aging. Oth e r s e ns ory m odalitie s  im paire d in
MR im aging are  s ubje ctive  s e ns ation of m e tallic tas te ,
naus e a and ligh t flas h e s ,15,16 allof w h ich  are  als o
be lie ve d to be  th e  re s ult of s tatic m agne tic fie ld
induce d curre nts . Th e s e  curre nts  are  produce d due
to body m ove m e nts  e .g. h e ad m ove m e nts  w ith in th e
bore  of MRI m ach ine  e s pe cially at h igh  gradie nt fie lds ,
gradie nt fie ld ve locity. Th e re fore , body m ove m e nts
s h ould be  m inim iz e d w h ile  MR im aging e s pe cially at
h igh  fie ld s tre ngth s  w h ich  can furth e r low e r th e  s ide
e ffe cts  re late d to induce d curre nts .
Effe cts  of s tatic m agne tic fie ld on s pe cial s e ns ory
s ys te m , cognition and be h avior h ave  als o be e n s tu-
die d12,17,18 and re s ults  s h ow  no s ignificant e ffe cts  on
cognition alth ough  e ye  h and coordination and vis ual
contras t s e ns itivity s h ow  s ligh t im pairm e nt. Th e s e
re s ults  are  als o s upporte d by a 2013 s tudy17 by
H e inrich  e t al, w h o took  a large r s am ple  s iz e  w ith
ade q uate  m atch ing and s tandardiz ation, s h ow ing
ins ignificant e ffe cts  of s tatic m agne tic fie ld at diffe re nt
fie ld s tre ngth s  e ve n for e ye  h and coordination and
vis ual contras t s e ns itivity. H e nce , w e  can conclude
th at MR im aging at 7T appe ars  to h ave  no e ffe ct on
cognition and be h avior.

Safety Concerns related to gradient field:

Unlik e  s tatic m agne tic fie ld, gradie nt fie ld s tre ngth
re m ains  th e  s am e  in ultra-h igh  fie ld s tre ngth  im aging,
s o th e  s ide  e ffe cts  of gradie nt fie ld s tre ngth  in 7T
MRI s ys te m s  s h ould als o be  th e  s am e  as  in low  fie ld
s tre ngth  s ys te m s  i.e . pe riph e ral ne rve  s tim ulation and
acous tic nois e  production. Pe riph e ral ne rve  s tim ulation
de pe nds  upon th e  rate  of ch ange  of gradie nt fie lds
(dB/dt le ve ls ),19  h ow e ve r Th e ys oh n e t al (2008)12

re porte d s ignificantly incre as e d fre q ue ncy of tw itch ing
(a ph ys ical s ign of pe riph e ral ne rve  s tim ulation) at
7T MRI. But, th is  could als o be  attribute d to pare s -
th e s ia caus e d by pe riph e ral ne rve  com pre s s ion. Initial
dB/dt lim it propos e d by MRDD (Magne tic re s onance
diagnos tic de vice s ) guidance  w as  20T/s e c for puls e
duration ove r 120 m icros e conds 30 w h ich  w as  re laxe d
ow ing to clinical pote ntial of MRI at dB/dt le ve ls  gre ate r
th an 20T/s e c. Now , MRDD guidance  re com m e nds
volunte e r s tudie s  for s tim ulation th re s h olds  at diffe re nt
puls e  durations  and axe s  to lim it dB/dt le ve ls  at 80%
le ve l of s tim ulation th re s h old in norm al m ode  and at
100%  le ve l of s tim ulation th re s h old in firs t le ve l con-
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e ars  th at th e re are  no uniq ue  s afe ty conce rns  at ultra-
h igh  fie lds  (7T s ys te m s ) w h e n com pare d to low  fie ld
s ys te m s  lik e  1.5 T and 3T but com m on s ide  e ffe cts
can be  m ore  s e ve re  at h igh  fie lds  e .g. force  on m e tallic
obje cts , acous tic nois e  production, and radiofre q ue ncy
induce d h e ating. Th e s e  s h ould be  h andle d by prac-
ticing m ore  e ffe ctive  m e as ure s  at ultra-h igh  fie ld s tre n-
gth s  e .g. s trict e valuations  to s e arch  for contraindica-
tions  to MRI (im plants  e tc.), us e  of e ffe ctive  anti-
nois e  apparatus , and utiliz ing RF pow e r/SAR contro-
lle d puls e  s e q ue nce s . Finally, s tudie s  s h ould be  done
for be tte r e valuation of MRI s afe ty and its  e m e rging
te ch niq ue s . Ne w e r te ch niq ue s  e .g. paralle l trans -
m is s ion de s igns  s h ould be  de ve lope d and optim iz e d
to m ak e  MR im aging a s afe r, fas te r and a re liable
tool for h e alth care .

Conflict of Interest:

Auth ors  de clare  th at no conflict of inte re s t e xis ts  in
w riting of th is  article .

IEC guide line s , w h ich  lim its  SAR according to th e
body part be ing e xam ine d i.e . 4 W /k g w h ole  body for
15 m inute s , 3W /k g ave rage d ove r th e  h e ad for 10
m inute s , 8 W /k g in any gram  of tis s ue  in th e  h e ador
tors o for 15 m inute s , or 12 W /k g in any gram  of tis s ue
in th e  e xtre m itie s  for 15 m inute s .30 Kangarlu e t al
(2003) m e as ure d radiofre q ue ncy induce d te m pe rature
incre as e s  in a h e ad ph antom  and confirm e d th e
th e ore tical fie ld inh om oge ne ite s  le ading to h ot s pots
as  w e ll as  ris e  in core  te m pe rature , h ow e ve r, th e
te m pe rature  incre as e s  obs e rve d w e re  all w ith in FDA
lim its .25 Som e  puls e  s e q ue nce s  e .g. fas t s pin e ch o
and m agne tiz ation trans fe r contras t m ay ach ie ve
SARs  be yond th e  lim its  propos e d by FDA/IEC guide -
line s . Th is  is s ue  h as  le d to s e ve ral oth e r s tudie s aim e d
at re ducing th e  param e te rs  lik e  re pe tition tim e , TR,
and num be r of s lice s , and de ve loping ne w  puls e
s e q ue nce s  w h ich  ope rate  at SARs  w ith in fda/IEC
lim its . Variable  rate  s e le ctive  RF puls e  s e q ue nce s 26,27

w e re  de s igne d to ach ie ve  pe ak  RF pow e r control
w h ich  w e re  furth e r optim iz e d for param e te rs  lik e
tim e 28 and acous tic nois e .29  To re duce  th e  local fie ld
inh om oge ne itie s  and SAR, Z e lins k i e t al (2009 ) s ug-
ge s te d th e  us e  of paralle l trans m is s ion of RF puls e s
for inne r volum e  e xcitation and s ugge s te d m ode l
bas e d e valuation of th e  individual targe t patte rns .30

H ow e ve r, de s igning paralle l trans m is s ion RF s e q ue n-
ce s  re q uire s  control ove r trans m itte r pow e r and SAR,
w h ich  w as  ach ie ve d by Gue rin e t al (2014) w h o
propos e d a de s ign algorith m  allow ing th e  de s ign of
s m all flip-angle  pTx s pok e  puls e s  w ith  e xplicit control
for local SAR, global SAR, m axim um  and ave rage
pow e r on e ach  ch anne l.31 Oth e r te ch niq ue s  for paralle l
trans m is s ion of RF puls e s  at low  pe ak  RF pow e r
h ave  als o be e n de ve lope d32,33 but th e ir clinical
applicability along w ith  s afe ty be ne fit is  ye t to be
s tudie d.

Conclusion

Ultra h igh  fie ld im aging is  an e m e rging te ch niq ue  in
diagnos tic/inte rve ntional radiology w ith  w ide  clinical
applications  and ade q uate  s afe ty profile . Ne ve rth e le s s ,
all s afe ty m e as ure s  s h ould be  tak e n to e ns ure  s afe ty
of patie nts  and re s e arch  volunte e rs . Safe ty guide line s
by re le vant organiz ations  (FDA/IEC) s h ould be  us e d
as  a s tandard and s trictly follow e d. At pre s e nt, it app-
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