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Magnetic Resonance Imaging Findings
in Newborns with Indirect Hyperbilirubinemia: Is
There a Relation Between High Levels of Biliru-

bin and Increased Signal Intensity on
T1-Weighted Images?

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  To exa mi ne the fin dings of mag ne tic re so nan ce ima ging (MRI) in new borns
with in di rect hyper bi li ru bi ne mi a and disc lo se any re la ti ons hip bet we en high le vels of bi li ru bin
and in cre a sed in sig nal in ten sity on T1-we igh ted ima ges. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  The study included
35 new borns with in di rect hyper bi li ru bi ne mi a. Cli ni cal fin dings, bi li ru bin le vels and MRI ima ges
we re eva lu a ted. RRee  ssuullttss::  Of the study po pu la ti on, 20 (57.1%) we re fe ma les and 15 (42.9%) we re
ma les. Ac cor ding to the ges ta ti o nal age, 30 ca ses we re de fi ned as term and five as pre term. An ab-
nor mal and bi la te rally symmet ri cal in cre a se in sig nal in ten sity was ob ser ved in the glo bus pal li dus
of 26 (74.3%) new borns on T1-we igh ted ima ges. A sta tis ti cally sig ni fi cant re la ti on was de ter mi ned
bet we en the pe ak va lu e of bi li ru bin and in cre a sed sig nal in ten sity on the T1-we igh ted ima ges (p=
0.004). Ja un di ce, let hargy, hyper to ni a, hypo to ni a and po or fe e ding we re among the cli ni cal fin d-
ings. The me an se rum bi lu ru bin le vel was fo und as  38.6 ± 8.9 mg/dl (Ran ge bet we en 25 to 58 mg/dl).
Ma jor gro up in com pa ti bi lity was de tec ted in seven (20%) and Rh sub gro up in com pa ti bi lity in four
(11.4%) of the ca ses. Glu co se 6 phosp ha te dehy dro ge na se enz yme ac ti vity was re du ced in eight
(22.8%) ca ses. The MRI stu di es we re per for med bet we en the days 5 and 30, fol lo wing par tu ri ti on.
CCoonncc  lluu  ssii  oonn:: The re se em to be a re la ti ons hip bet we en the pe ak le vels of in di rect bi li ru bin and hig -
her T1-we igh ted sig nal in ten sity on MRI of the cen tral ner vo us system. No re la ti ons hip was de ter-
mi ned bet we en the le vels of in di rect bi li ru bin and the are a of the cen tral ner vo us system with
in cre a sed sig nal in ten sity.

KKeeyy  WWoorrddss::  Hyper bi li ru bi ne mi a, ne o na tal; ker nic te rus; 
mag ne tic re so nan ce ima ging; new born 

ÖÖZZEETT  AAmmaaçç::  İndi rekt hi per bi li ru bi ne mi si olan ye ni do ğan lar da man ye tik re zo nans gö rün tü le me
(MRG) bul gu la rı nı in ce le mek ve yük sek bi li ru bin dü zey le ri ile T1-ağır lık lı gö rün tü ler de sin yal yo -
ğun lu ğun da ki ar tış ara sın da her han gi bir iliş ki olup ol ma dı ğı nı gös ter mek. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::
Ça lış ma in di rekt hi per bi li ru bi ne mi si olan 35 ye ni do ğa nı kap sı yor du. Kli nik bul gu lar, bi li ru bin dü -
zey le ri ve MRG gö rün tü le ri de ğer len di ril di. BBuull  gguu  llaarr::  Ça lış ma ya alı nan has ta la rın 20’si (%57.1) kız,
15’i (%42.9) er kek ti. Ge be lik ya şı na gö re 30 ol gu mi ad ve beş ol gu pre term ola rak ta nım lan dı.T1-
ağır lık lı gö rün tü ler de 26 (%74.3) ye ni do ğa nın glo bus pal li dus ’un da sin yal yo ğun lu ğun da anor mal
ve bi la te ral si met rik ar tış göz len di. Bi li ru bi nin te pe de ğe ri ile T1-ağır lık lı gö rün tü ler de art mış sin -
yal yo ğun lu ğu ara sın da is ta tis tik sel ola rak an lam lı bir iliş ki sap tan dı (p= 0.004). Kli nik bul gu lar ara -
sın da sa rı lık, le tar ji, hi per to ni, hi po to ni ve ye ter siz bes len me yer alı yor du. Or ta la ma se rum bi li ru bin
dü ze yi 38.6 ± 8.9 mg/dl (25-58 mg/dl) ola rak bu lun du. Ol gu la rın yedisinde (%20) ma jor grup uyum -
suz lu ğu, dördün de (%11.4) Rh sub grup uyum suz lu ğu sap tan dı. Glu koz 6 fos fat de hid ro ge naz ak ti -
vi te si sekiz (%22.8) ol gu da azal mış tı. MRG ça lış ma la rı do ğu mu iz le yen 5 ve 30. gün ler ara sın da
ya pıl dı. SSoo  nnuuçç:: İndi rekt bi li ru bi nin te pe dü zey le ri ile mer ke zi si nir sis te mi nin MRG ça lış ma sın da
yük sek T1-ağır lık lı sin yal yo ğun lu ğu ara sın da bir iliş ki ol du ğu gö rün mek te dir. İndi rekt bi li ru bin dü -
zey le ri ile mer ke zi si nir sis te min de sin yal dü zey le ri nin ar tış gös ter di ği alan lar ara sın da hiç bir iliş -
ki bu lun ma dı.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Hi per bi li ru bi ne mi, ne o na tal; ker nik te rus; 
man ye tik re zo nans gö rün tü le me; ye ni do ğan  
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e o na tal in di rect hyper bi li ru bi ne mi a, a
com mon me di cal di ag no sis, may re sult in
se ve re ne u ro to xi city. Bi li ru bin en cep ha lo -

pathy was des cri bed in 1904 by Schmorl, who re-
por ted the post mor tem pat ho lo gi cal fin dings of
yel low sta i ning in the ba sal gang li a of in fants as so -
ci a ted with ne o na tal ja un di ce. In ker nic te rus, le si -
ons are fre qu ently pre sent in the glo bus pal li dus
(GP), subt ha la mic nuc le us (SN) and hip po cam pus.1

Mic ros co pic stu di es re ve al that the ba sal gang li a,
in fe ri or oli vary nuc le i, hip po cam pus, den ta te nuc -
le i, subt ha la mic nuc le us and cra ni al ner ve nuc le us
at the flo or of the fo urth ven tric le to be the are as of
pre di lec ti on for pat ho lo gi cal bi li ru bin de po si ti on.2

Ker nic te rus is a ra re comp li ca ti on of ne o na tal hy-
per bi li ru bi ne mi a, re sul ting from the pre fe ren ti al
de po si ti on of bi li ru bin in GP, SN, hip po cam pus,
pu ta men, tha la mus and cra ni al ner ve nuc le i (es pe -
ci ally II I, IV and VI).2 Fac tors in cre a sing the per-
me a bi lity of the blo od-bra in bar ri er to bi li ru bin 
or sus cep ti bi lity of ne u rons to its to xic ef fects are
low birth we ight, hypot her mi a, hypo al bu mi ne mi -
a, ano xi a, hyper cap ni a, aci do sis, and in fec ti on.3,4

Pho tot he rapy and exc han ge trans fu si ons are two
the ra pe u tic op ti ons that sig ni fi cantly re du ce the
pre va len ce of bi li ru bin en cep ha lo pathy.2,5,6

MRI has had such an im pact on the eva lu a ti on
of ker nic te rus that the di ag no sis can now be con fir -
med by MR ima ging. The most cha rac te ris tic fin d-
ing is bi la te ral, symmet ri cal, high-in ten sity
sig nal ling in the GP on both T1 and T2-we igh ted
ima ges. Ho we ver, most stu di es ha ve re li ed on im-
a ges ob ta i ned when in fants we re in the in ter me di -
a te or la te pha se of in jury, months to ye ars af ter the
on set of acu te en cep ha lo pathy, and all the se stu di -
es ha ve pla ced emp ha sis on T1-we igh ted hype rin -
ten se ima ges of GP. We do not know exactly how
early chan ges in GP oc cur and whet her or not they
are se en in every ca se.7,8 The re a son for hype rin -
ten se sig nal chan ges se en in GP on T1-we igh ted
ima ges is not exactly known. Re por ted ca u ses of
T1-we igh ted high sig nal in ten sity GP le si ons inc -
lu de asph yxi a, li ver di se a ses, ne u ro fib ro ma to sis, to -
tal pa ren te ral nut ri ti on and me tas ta tic me la no ma.9

In con trast to asph yxi a in which the pu ta me nal and
tha la mic in jury pat tern is ge ne rally ex pec ted, a pal-

li do-subt ha la mic in jury pat tern is se en in ker nic -
te rus. In asph yxi a, GP in vol ve ment is usu ally mild
and it is not im pe ra ti ve.10 Con di ti ons ot her than as-
ph yxi a ge ne rally do not ca u se any dif fi culty in the
di ag no sis in which the cli ni cal fin dings help to dif-
fe ren ti a te the se di se a ses from ker nic te rus. The re
are few stu di es in ves ti ga ting the pro bab le re la ti -
ons hip bet we en an in cre a sed sig nal in ten sity on
MRI scans and the se rum bi li ru bin le vels.

This pros pec ti ve study ai med to de ter mi ne a
re la ti ons hip bet we en the le vel of in di rect bi li ru bin
and hig her sig nal in ten sity ob ser ved in dif fe rent
are as of the cen tral ner vo us system on T1-we igh ted
MRI ima ges in new borns in an early sta ge of in di -
rect hyper bi li ru bi ne mi a.

MA TE RI AL AND MET HODS
All of the new borns we re re fer red di rectly to our
ne o na tal in ten si ve ca re unit wit ho ut ha ving any
pri or the ra pe u tic in ter ven ti ons for the ir hyper bi -
li ru bi ne mic sta te. All pa ti ents re ce i ved im me di a te
exc han ge trans fu si on and pho tot he rapy. All of the
pa ti ents had tests for who le blo od co unt and dif fe -
ren ti al, ma jor and sub gro up blo od typing of the
mot her and baby, di rect co ombs test, uri nary dip-
s tick and uri ne cul tu re. Ne o na tes we re tes ted for a
full blo od che mistry inc lu ding to tal and in di rect bi -
li ru bin, glu co se, to tal pro te in, al bu min, ALT, AST,
blo od ure a nit ro gen, cre a ti ni ne, cal ci um, so di um,
and po tas si um le vels. C-re ac ti ve pro te in, thyro xi ne,
thyro id-sti mu la ting hor mo ne le vels, glu co se-6-
phosp ha te dehy dro ge na se and pyruvate ki na se en-
z yme ac ti vi ti es, TORCH mar kers, tan dem mass
spec tro metry scre e ning and a ne u ro lo gi cal exa mi -
na ti on we re al so per for med. Ad di ti o nal tests we re
car ri ed out for ane mi a as de e med ne ces sary ac cor -
ding to physi cal exa mi na ti on and cli ni cal di ag no sis.
The ne o na tes bet we en 37 and 42 we eks of ges ta ti -
on we re con si de red as term and tho se <<  37 we eks
were considered as pre term. An Ae ro set au to ma -
ted analy zer (Ab bott, USA) was used to as sess the
bi lu ru bin le vels. The first and fifth-mi nu te AP GAR
sco res we re nor mal as de ter mi ned from the his tory,
exc lu ding any asph yxi a. New borns with me ta bo lic
di se a ses, con ge ni tal mal for ma ti ons, res pi ra tory dis-
tress or in tra u te ri ne in fec ti ons we re exc lu ded from
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the study. The re we re no cli ni cal or la bo ra tory fin -
dings of in fec ti on in the ne o na tes with pe ak bi li -
ru bin va lu es, be si des the al bu min le vels we re
wit hin nor mal ran ge and aci do sis was not pre sent.
The in fants with a pe ak se rum bi li ru bin va lu e of 25
mg/dl and abo ve we re inc lu ded in the study. Ahl -
fors cri te ri a we re used for de ter mi ning the in di ca -
ti on for trans fu si on; bi li ru bin le vel >20 mg/dL at
24-48 ho urs or >25 mg/dL at >48 ho urs af ter birth.11

Du e to high se rum in di rect bi li ru bin le vels (>25
mg/dL), im me di a te exc han ge trans fu si on was fol-
lo wed by pho tot he rapy in all pa ti ents. Pa ti ents
with a high se rum bi li ru bin le vel des pi te pre vi o us
exc han ge trans fu si on and pho tot he rapy un der went
a se cond exc han ge trans fu si on.

The opt hal mo lo gi cal exa mi na ti on of the new-
borns fa i led to re ve al any sig ni fi cant pat ho logies.
No ne of the study gro up ne e ded elektroen-
cephalography, tests and all had the ir he a ring tes -
ted by the Au to Aco us tic Emis si on met hod. 

A cra ni al MR ima ging was per for med with a
1.5-T unit (Sig na; GE Me di cal Systems, Mil wa u kee,
Wis) using a qu ad ra tu re trans mit/re ce i ve he ad co -
il. Our ima ging pro to col inc lu ded trans ver se T2-
we igh ted (5220/104), co ro nal flu id-at te nu a ted
in ver si on re co very (9002/104/2200[re pe ti ti on ti me
msec/ec ho ti me msec/in ver si on ti me msec]) and
trans ver se-sa git tal T1-we igh ted (500/16) se qu en -
ces. The ima ges we re in ter pre ted by an ex pe ri en -
ced ra di o lo gist who was blind to the da ta abo ut
ne u ro lo gi cal exa mi na ti on and the le vels of in di rect
bi li ru bin of the ne a o na te. All are as of the bra in and
ba sal gang li a we re ta ken in to con si de ra ti on for any
pat ho lo gi cal sig nal chan ges. All pa ti ents were se-
da ted, trans por ted and mo ni to red by physi ci ans
who re ma i ned with the in fant thro ug ho ut the pro-
ce du re. The in fants we re wrap ped in to blan kets for
im mo bi li za ti on and the ir body tem pe ra tu res we re
ma in ta i ned. All the in fants we re se da ted thro ug -
ho ut the MRI. The in for med con sent of the pa rents
we re se e ked pri or to the study. The study pro to col
was ap pro ved by the lo cal Et hics Com mit te e.

Po wer analy sis was per for med using Graph pad
Ins tat sta tis tics prog ram me. The bi li ru bin le vels of
15 ca ses we re exa mi ned for po wer analy sis. With a

le vel of sig ni fi can ce (α) of 0.05, po wer of 80%,
stan dard de vi a ti on of 6, and cli ni cally im por tant
dif fe ren ce of 8, the samp le si ze was fo und to be 9.

Sta tis ti cal analy sis was per for med using SPSS
ver si on 11.5. The nor mal dis tri bu ti on of da ta was
ve ri fi ed by the Sha pi ro-Wilk’s test. The odds ra ti o
was cal cu la ted. The cor re la ti on bet we en de po si ti on
on the MRI and the bi li ru bin le vel was de ter mi ned
by the Ken dall ta u test.

The ca te go ri cal va ri ab les in the MRI (+) and
MRI (-) gro ups we re com pa red using Chi-squ a re
tes ting. In de pen dent Stu dent’s t-test or Mann-
Whit ney U test was used for the com pa ri son of
con ti nu ous va ri ab les among the gro ups. Sta tis ti cal
sig ni fi can ce was set to a P va lu e less than 0.05.

RE SULTS
We re port the MRI fin dings of 35 pa ti ents with ne -
o na tal hyper bi li ru bi ne mi a who we re re fer red to
our uni ver sity hos pi tal.. Of the study po pu la ti on, 20
(57.1%) we re fe ma les and 15 (42.9%) we re ma les.
Ac cor ding to the ges ta ti o nal age, 30 ca ses we re de-
fi ned as term and five as pre term. In 26 (74.3%) of
all ca ses, in cre a sed sig nal in ten sity was ob ser ved on
the T1-we igh ted MRI ima ges eit her in GP or in SN.
In nine (25.7%) ca ses the re was no in cre a sed sig-
nal in ten sity. The se le si ons we re not vi sib le on
T2A. All pa ti ents disp la yed symptoms of ja un di ce,
po or fe e ding, hyper to ni a, let hargy, hypo ac ti vity
and high-pitc hed crying. Fo ur pa ti ents had Rh in-
seven had ABO in com pa ti bi lity (Tab le 1). Glu co -
se-6-phosp ha te dehy dro ge na se enz yme ac ti vity
was re du ced in eight (22.8%) ca ses whe re as pyru-
va te ki na se enz yme ac ti vity was fo und to be nor-
mal in all of the study po pu la ti on. Of the 30 term
ca ses, an in cre a se in sig nal in ten sity on T1-we igh -
ted MRI scans was se en in GP of six (20%) and in
both GP and SN of 16 (53.3%) ne o na tes and the re
was no in cre a se in sig nal in ten sity in eight (26.7%)
ca ses (Tab le 1). Two of the in fants ha ve fa i led to at-
tend to the fol low-up (Tab le 1). Wedermined Cep -
halh e ma to ma in two pa ti ents, si nus throm bo sis in
one ca se and sub du ral ha e morr ha ge in anot her ca -
se. The MRI scans in nine pa ti ents we re en ti rely
nor mal. A ca vum ver ge va ri a ti on of the sep tum pel-
li ci dum was pre sent in one ca se. The cli ni cal and
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T1-we igh ted MRI fin dings are sum ma ri zed in Tab -
le 2. The in cre a se in sig nal in ten sity on T1-we igh -
ted MRI scans in GP was fo und to be sig ni fi cant in
the pre term ca ses when com pa red to the term ba-
bi es (p= 0.017), (Tab le 3). At the ti me of hos pi tal
ad mit tan ce, ne u ro lo gi cal fin dings we re pre sent in
22 of the term and three of the pre term ca ses. Ne -
u ro lo gi cal fin dings we re not pre sent in eight term
and two pre term ne o na tes. MRI fin dings in term
and pre term ne o na tes a re sum ma ri zed in Tab le 3.
Nine ca ses wit ho ut any in cre a se in sig nal in ten sity
on T1-we igh ted MRI scans we re spa red from ne u -
ro lo gi cal fin dings. Out of 10 ca ses with in cre a sed
sig nal in ten sity in the ir GP, nine we re fo und to ha -
ve cli ni cal ne u ro lo gi cal signs. All of the 16 ca ses
with in cre a sed sig nal in ten sity both in GP and SN
sho wed cli ni cal ne u ro lo gi cal fin dings (Tab le 3). 

A sta tis ti cally sig ni fi cant cor re la ti on (a co ef fi -
ci ent of 41.6%) was de ter mi ned bet we en pe ak bi -
li ru bin va lu es and in cre a sed sig nal in ten sity on
T1-we igh ted MRI scans (p= 0.004). In the 26 ca ses
with in cre a sed sig nal in ten sity on T1-we igh ted
MRI scans, the me an in di rect pe ak bi li ru bin va lu e
was 41.03 ± 9.02 mg/dl, me an ges ta ti o nal age was
37.8 ± 3.3 we eks and me an birth we ight was 2917
± 832 gr. In the nine ca ses wit ho ut in cre a sed sig nal
in ten sity on T1-we igh ted MRI scans, the se va lu es

we re 31.75 ± 3.67 mg/dl, 37.7 ± 3.8 we eks and 2927
± 550 gr res pec ti vely. 

In cre a sed sig nal in ten sity on T1-we igh ted
MRI scans did not cor re la te with post par tum age
of the new born, age at hos pi tal ad mis si on or age at
the ti me of MRI study. The pre sen ce of in cre a sed
sig nal in ten sity on the T1-we igh ted MRI and the
bi li ru bin le vels did not cor re la te with the age at
hos pi tal ad mis si on. In 26 of 35 pa ti ents (74.3%),
the re was bi la te ral and symmet ri cally in cre a sed
sig nal in ten sity in GP on T1-we igh ted MR ima ges
(Fi gu re 1). Glo bus pal li dus in vol ve ment to get her
with subt ha la mic nuc le us was pre sent in 16 ca ses
on T1-we igh ted MR ima ges (Fi gu re 2). 

Im pa i red he a ring was detected in six ca ses
(17.1%) thro ugh Au to Aco us tic Emis si on and they
we re re fer red to Ear, No se and Thro at s pe ci a list for
de ta i led exa mi na ti on and fol low-up.

DIS CUS SI ON
Bi li ru bin to xi city re ma ins a sig ni fi cant prob lem in
hu man in fants des pi te re cent ad van ces in the ca re
of ja un di ced ne o na tes. The lo ca li za ti on of si tes of
cen tral ner vo us system dysfunc ti on, the de ter mi -
nants of vul ne ra bi lity and re ver si bi lity, and the
pat ho ge ne sis are still only par ti ally un ders to od de-
s pi te de ca des of study.3,4

In s pi te of pho tot he rapy and exc han ge trans fu-
si on, ab nor mal in cre a se in sig nal in ten sity on T1-
we igh ted MRI scans of the cen tral ner vo us system
was fo und in 26 (74.3%) ca ses. A sta tis ti cal sig ni fi -
can ce was es tab lis hed bet we en in cre a sed bi li ru bin
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MRI (+) MRI( –)

n:26 n:9 OR(95 % CI) p

Gender (M/F) 11/15 4/5 0.69 (0.02-11.60) 0.76

Gestation age(Week) 37.8 ± 3.3 37.7 ± 3.8 0.98

Preterm/Term 4/22 1/8 0.688 (0.06-7.10) 0.75

Age on admission(Day) 5.3±2.7 6±2.54 0.86

Indirect bilirubin value 41±9 31.7±3.6 0.003

Indirect bilirubin group

24-35 mg/dl 6 8 0.0005

36-45 mg/dl 11 1 0.08

46-60 mg/dl 9 0 0.04

Weight on admission (gr) 2917 ± 832 2927 ± 550 0.49

MR scan age (Day) 11.9 ± 5.5 10.4 ± 2.9 0.67

TABLE 2: The clinical and MRI findings 
in the study groups.

MRI(+): Increase in MRI signal, MRI(-): No increase in MRI signal.
Term ≥ 37 weeks gestation, Preterm: <37 weeks.
M: Male, Female: F.
Fisher’s exact test, Student’s t-test for independent variables, Mann-Whitney U test.

Term Preterm Total

No % No % No % p

MRI  SI (-) 8 88.9 1 11.1 9 100

MRI   GP (+) 6 60 4 40 * 10 100 * 0.017

MRI  GP ve SN (+) 16 100 0 0 16 100

Total 30 85.7 5 14.3 35 100

TABLE 3: Signal intensity on MRI scans, 
term and preterm

MRI SI (-): No increase in MRI signal.
MRI GP (+): Increase in the MRI signal in the globus pallidus.
MRI GP ve SN (+): Increase in the MRI signal in the globus pallidus and Subthalamic
Nucleus.
Preterm are more inclined to have increased signal intensity in GP (* p≤ 0.017).
Fisher’s exact test.



and in cre a sed sig nal in ten sity on the T1-we igh ted
MRI scans. All our ca ses with a bi li ru bin va lu e of
40 mg/dl or mo re had so me de po si ti on of bi li ru bin
on the T1-we igh ted MRI scans. In pre vi o us stu di -
es no known cor re la ti on has be en men ti o ned bet -

we en bi li ru bin le vels and the in cre a se in sig nal in-
ten sity on MRI.12 In our study, a re la ti ons hip was
de ter mi ned bet we en the in cre a sed bi li ru bin le vels
and in cre a sed sig nal in ten sity on T1-we igh ted MRI
of the cen tral ner vo us system.  In a se ri es of 13 ca -
ses with a me an bi li ru bin le vel of 37 mg/dl, early
T1-we igh ted MRI scans sho wed an ab nor mally in-
cre a sed bi la te ral, symmet ri cal sig nal in ten sity in
GP of eight ca ses. The se le si ons we re not vi sib le on
T2- we igh ted MRI scans. No re la ti ons hip was de-
ter mi ned bet we en the le vels of in di rect bi li ru bin
and the MRI fin dings.13 In a lar ger se ri es with a me -
an bi li ru bin le vel of 35 ± 10.8 mg/dl, no re la ti ons -
hip was fo und bet we en the le vel of bi li ru bin and
the in cre a sed sig nal in ten sity in MRI scans.14 In
that study, 15 (71%) of 21 ca ses sho wed ab nor mally
in cre a sed sig nal in ten sity in MRI when com pa red
to 26 (74.3%) of 35 ca ses in our study. In the study
of Cos kun et al.,13 the in cre a se in sig nal in ten sity
on T1-we igh ted MRI scans was con fi ned to GP
whe re as our ca ses dif fe red in lo ca ti on of the de po -
si ti ons on T1-we igh ted MRI (De po si ti on in GP and
SN in 16 ca ses, and de po si ti on only in GP in 10 ca -
ses). Cos kun et al. did not ob ser ve any in cre a se in
sig nal in ten sity in SN of the ir 13 ca ses.13 The pre s-
ent study rep ro du ced the pre vi o us stu di es in ves ti -
ga ting the as so ci a ti on bet we en in cre a sed sig nal
in ten sity in MRI scans co up led with hig her in di -
rect bi li ru bin le vels.13-15 Ho we ver, our study has
disc lo sed a new and not pre vi o usly men ti o ned fin -
ding of an in cre a sed sig nal in ten sity in the SN on
T1-we igh ted MRI scans of hyper bi li ru bi ne mic
new borns.

In a study of 21 ca ses,16 ne u ro lo gi cal fin dings
we re pre sent in 76% of the pa ti ents upon ad mis si -
on whe re as 71.4% of our ca ses pre sen ted with ne -
u ro lo gi cal fin dings upon ad mis si on. Two in fants
with in cre a sed sig nal in ten sity in glo bus pal li dus,
po or fe e ding, ja un di ce, let hargy, opist ho to nos and
ri gi dity had di ed. The MRI fin dings ref lect the pat -
ho lo gi cal fin dings in ker nic te rus. Bi la te ral hig her
sig nal in ten sity in GP cor res ponds with the are as
of pre fe ren ti al de po si ti on of un con ju ga ted bi li ru -
bin. The pos te ro me di al bor der of GP has be en spe -
cu la ted to be the most sen si ti ve are a to ker nic te rus
le si ons ba sed on MRI fin dings.17 Yil maz et al. re-
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FI GU RE 1: Axi al T1-we igh ted MRI shows symmet ric, hype rin ten se GP in vol -
ve ment.

FI GU RE 2: T1-we igh ted MRI shows symmet ric, hype rin ten se GP in vol ve -
ment and subt ha la mic in vol ve ment.



por ted a pa ti ent with nor mal cra ni al MRI, des pi te
its se ve re ne u ro lo gi cal fin dings.15 In this study, 3
ca ses (14%) had nor mal cra ni al MRI des pi te the cli -
ni cal di ag no sis of ker nic te rus.15 It has be en re por -
ted that cra ni al MRI fin dings may im pro ve with
growth.18 In our study, all ca ses with ne u ro lo gi cal
fin dings sho wed an ab nor mal in cre a se in sig nal in-
ten sity on T1-we igh ted MRI scans whe re as only
one ca se sho wed in cre a sed sig nal in ten sity on T1-
we igh ted MRI scans wit ho ut any ne u ro lo gi cal fin -
dings.

No sta tis ti cal sig ni fi can ce was fo und bet we en
ges ta ti o nal age, ne o na tal age, du ra ti on of the di se -
a se at the pre sen ta ti on to hos pi tal and the day of
MRI scan ning. No sta tis ti cal sig ni fi can ce was ob-
ser ved bet we en the day of pre sen ta ti on and the le -
vel of bi li ru bin. Alt ho ugh no sta tis ti cal sig ni fi can ce
was fo und bet we en the day of pre sen ta ti on to hos-
pi tal and the bi li ru bin le vels and in cre a sed sig nal
in ten sity in MRI, the re was a sta tis ti cally sig ni fi -
cant re la ti ons hip bet we en the bi li ru bin le vels and
the in cre a sed sig nal in ten sity on MRI. The re fo re
we tho ught that the bi li ru bin le vel was mo re im-
por tant than the du ra ti on of hyper bi li ru bi ne mi a
for the in vol ve ment of the cen tral ner vo us system.
A pros pec ti ve study is re qu i red to show the im pact
of the le vel of bi li ru bin and the du ra ti on of hyper -
bi li ru bi ne mi a on the cen tral ner vo us system. The -
re was a ne ga ti ve cor re la ti on bet we en the ti me of
pre sen ta ti on of ja un di ced in fants to the hos pi tal
and the ir we ight at pre sen ta ti on. The hig her birth
we ight in fants pre sen ted to hos pi tal ear li er than
tho se co un ter parts with lo wer birth we ight. In our
vi ew, this ne ga ti ve cor re la ti on ari ses from the fa m-
i li es’ gre a ter ex pec ta ti ons of sur vi val for a hig her
birth we ight in fant.

Des pi te the in ten si ve ca re and in ter ven ti o nal
the ra pi es, a de po si ti on of in di rect bi li ru bin has de-
ve lo ped on the MRI of a two day old term in fant
with Rh in com pa ti bi lity and a bi li ru bin va lu e of 25
mg/dl. Alt ho ugh a po si ti ve cor re la ti on was es tab -
lis hed bet we en high va lu es of bi li ru bin and in cre -
a sed sig nal in ten sity on MRI, this in cre a sed sig nal
in ten sity was al so se en in a ca se ha ving a lo wer bi -

li ru bin le vel. This ca se emp ha si zes the ro le of the
risk fac tors for the po ten ti al de ve lop ment of ker-
nic te rus even in ne o na tes with lo wer bi li ru bin le -
vels. The re are nu me ro us pub lis hed ca se re ports
re gar ding MRI fin dings and di ag no sis of ker nic te -
rus. The first re port abo ut the acu te pha se MRI 
fin dings of a eight days old in fant with hyper bi li -
ru bi ne mi a was pub lis hed by Penn et al.19 This re-
port was al so the first MRI study sho wing bra in
in jury se con dary to ker nic te rus. T1-we igh ted ima -
ges re ve a led hype rin ten sity in GP, in ter nal cap su -
le and tha la mus. Har ris et al. re por ted MRI fin dings
of fo ur ne o na tes with acu te ker nic te rus aged bet -
we en five and 21 days, one whom had T1-we igh -
ted hype rin ten sity in GP.20

The MRI fin dings of an 8-day old term in-
fant with a to tal bil ru bin le vel of 50 mg/dl we re
re por ted by Shah et al.21 They sho wed a bi la te ral
and ab nor mally high sig nal in ten sity in GP on
T2- we igh ted ima ges. The re was a bi la te ral and
dec re a sed sig nal in ten sity in T1-we igh ted ima ges
of GP cor res pon ding to the sa me re gi on in T2-
we igh ted ima ges. Yil maz et al. des cri bed a ca se
of ker nic te rus whe re MRI de mons tra ted bi la te -
ral symmet ric hype rin ten sity in GP on T2-we -
igh ted ima ges.12 No chan ge in the sig nal in ten sity
was ob ser ved in our ca ses on T2-we igh ted ima -
ges. 

In conc lu si on, Ker nic te rus can be sus pec ted
in the ne o na tal pe ri od on spe ci fic cli ni cal, ima ging
and la bo ra tory gro unds. MRI has cru ci al va lu e, but
as sta ted by ot hers, the sig nal chan ges on both T1
and T2-we igh ted ima ges are subt le and ea sily
over lo o ked. Our study con firms the fin ding of sig-
nal ab nor ma li ti es en co un te red pre vi o usly on 
T1-we igh ted early sta ge MR scans. Our re sults 
in di ca te that the re may be a strong re la ti ons hip
bet we en the pe ak le vel of in di rect hyper bi li ru bi -
ne mi a and the ab nor mally high sig nal in ten sity on
T1-we igh ted MRI of the cen tral ner vo us system.
The re was no con nec ti on bet we en the le vel and
the lo ca ti on of the de po si ti on of bi li ru bin and ab-
nor mally in cre a sed sig nal in ten sity in the cen tral
ner vo us system.
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