
drenal masses are relatively common; they are incidentally found in
about 1-5% of patients undergoing routine computed tomography
(CT) study of the abdomen and in 2-10% in autopsy series.1,2 An ad-
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Diffusion-Weighted MR Imaging
in the Differential Diagnosis of

Adrenal Adenomas and
Nonadenomatous Adrenal Masses

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  The aim of our study was to  demonstrate the feasibility of body diffusion-
weighted magnetic resonance (DW MR) imaging in the differential diagnosis of adrenal adenomas
and non-adenomatous adrenal masses. MMaatteerriiaall  aanndd  MMeetthhooddss:: Thirty-seven adrenal masses in 32
consecutive patients (18 women, 14 men) were included in this prospective study. Of all the masses,
21 were adenomas and 16 were non-adenomatous adrenal masses. DW MR images were obtained
by a body coil using a multisection single-shot echo planar sequence on the axial plane without
breath holding (water excitation with b value of 50, 400 and 800 s/mm2). Signal intensities of the
adenomas and non-adenomatous masses were measured for each b factor of 400 and 800 s/mm2

using a region of interest (ROI). In addition, the signal intensities for apparent diffusion coefficient
(ADC) calculation were measured. Mann Whitney U Test was used to compare signal intensities for
each b factor (400 and 800 s/mm2) and for ADC values between the adenomas and non-adenoma-
tous masses. RReessuullttss::  No significant difference was noted (p> 0.05) for ADC values between the two
groups. Similarly, signal intensities with b factors of 400 and 800 s/mm2 did not demonstrate a sig-
nificant difference (p> 0.05) between the groups. CCoonncclluussiioonn::  DW MR imaging is not an effective
method in the differential diagnosis of adenomatous and non-adenomatous lesions in adrenal glands.

KKeeyy  WWoorrddss::  Adrenal gland neoplasms, diffusion magnetic resonance imaging

ÖÖZZEETT  AAmmaaçç::  Bu çalışmadaki amacımız, adenom ve adenom dışı sürrenal lezyonlarının ayrıcı
tanısında difüzyon ağırlıklı manyetik rezonans görüntüleme (DA-MRG) tetkikinin tanı değerini
araştırmaktır. GGeerreeçç  vvee  YYöönntteemmlleerr::  Otuz iki (18 kadın, 14 erkek) hastada 37 sürrenal bez lezyonu
bu prospektif çalışmaya dahil edildi. Bu lezyonların 21’i adenom, 16’sı adenom dışı lezyon idi. DA-
MRG tetkiki beden sargısı kullanarak “multisection single-shot echo planar sekans” ile (b değerleri
50, 400 ve 800 s/mm2) gerçekleştirildi. Adenom ve adenom dışı lezyonların sinyal yoğunluğu
değerleri b 400 ve 800 değerlerinde ve “apparent diffusion coefficient (ADC)” haritalamasında alan
ölçümü yapılarak hesaplandı. Sinyal yoğunluğu ve ADC değerleri arasındaki farkı hesaplamak için
Mann-Whitney U testi kullanıldı. BBuullgguullaarr::  ADC değerleri karşılaştırıldığında, her iki grup arasında
istatistiksel açıdan anlamlı fark saptanmadı (p> 0.05). Ayrıca her iki grup arasında b faktörü 400 ve
800 s/mm2’deki sinyal yoğunlukları açısından da anlamlı bir fark bulunmadı (p> 0.05). SSoonnuuçç::
Çalışmamız, DA-MRG tetkikinin adenom ve adenom dışı sürrenal lezyonların ayırıcı tanısında
etkin bir radyolojik yöntem olmadığını göstermiştir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Sürrenal bez lezyonları; difüzyon ağırlıklı manyetik rezonans görüntüleme
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re nal mass de tec ted in a pa ti ent with a known ma-
lig nancy re qu i res furt her as sess ment, as in on co lo -
gi cal prac ti ce whe re the ad re nal gland is the fo urth
most com mon si te for me tas ta tic spre ad.3 Even in
pa ti ents with a known ex tra ad re nal ma lig nancy,
most ad re nal mas ses are ade no mas.2 Ima ging plays
a cri ti cal ro le not only in the de tec ti on, but al so in
cha rac te ri za ti on and clas si fi ca ti on of the ad re nal
mas ses as be nign or ma lig nant. CT and MRI are
well-es tab lis hed met hods used to dif fe ren ti a te ade-
no mas from no na de no ma to us ad re nal le si ons.4-6 As
most ade no mas are rich on li pids, they de mons tra -
te low at te nu a ti on on unen han ced CT and sig nal
loss on out-of-pha se che mi cal shift MRI.7 Ho we -
ver, 15–20% of ade no mas, na mely aty pi cal ade no -
mas, which do not con ta in suf fi ci ent amo unt of
li pids, can not be cha rac te ri zed by unen han ced CT
or che mi cal-shift MRI.3 Ho we ver, the li te ra tu re
sug gests that de la yed con trast-en han ced ima ging
with CT or MRI may be help ful in this re gard,
with most ade no mas de mons tra ting a mo re ra pid
wash-out of con trast ma te ri al than me tas ta ses.4,8,9

Ho we ver, va ri o us thres hold at te nu a ti on va lu es ha -
ve be en re por ted to dis tin gu ish ad re nal ade no mas
from no na de no mas with unen han ced and de la yed
con trast ma te ri a l– en han ced CT ima ging.10,11 CT
and MRI with con ven ti o nal se qu en ces may be use-
ful in cha rac te ri zing ad re nal le si ons, but in so me
ca ses li ke li pid-po or ade no mas, the se tech ni qu es
pro vi de li mi ted di ag nos tic in for ma ti on. The de ve -
lop ment of a mo re pre ci se ima ging tech ni qu e wo -
uld re du ce the ne ed for in va si ve di ag nos tic
pro ce du res, such as per cu ta ne o us fi ne-ne ed le bi-
opsy and sur gi cal re sec ti on and wo uld avo id the
ex pen se of pro lon ged ima ging fol low-up. This is
the ma in re a son for re se arc hers to de ve lop new CT
and MRI pro to cols, which wo uld yi eld re sults that
are mo re ac cu ra te. MR-spec tros copy has al so be -
en used in the dif fe ren ti al di ag no sis of ad re nal le-
si ons.12 Ho we ver, to our know led ge, no study has
ever de ter mi ned the va lu e of DW MR ima ging on
ad re nal mas ses.

We ai med in our study to de mons tra te the fe -
a si bi lity of body DW MR in the dif fe ren ti al di ag -
no sis of ad re nal ade no mas and no na de no ma to us
ad re nal mas ses. 

MA TE RI AL AND MET HODS

SUB JECTS

Bet we en May 2006 and Ju ne 2008, 37 ad re nal mas-
ses de tec ted in 32 con se cu ti ve pa ti ents (18 wo men,
14 men) eit her in ci den tally or in ca ses with a sus-
pec ted ad re nal le si on on ul tra so nog raphy (US), CT,
and MRI of the ab do men we re inc lu ded in this
pros pec ti ve study. Be ca u se of the li mi ted re so lu ti -
on of the dif fu si on we igh ted MRI, le si ons smal ler
than 1 cm in di a me ter we re not inc lu ded. Of the
mas ses, 21 (in 18 pa ti ents) we re ade no mas and 16
(in 14 pa ti ents) we re non-ade no ma to us ad re nal
mas ses. 

The me an pa ti ent age was 59 ye ars (ran ge= 31-
78 ye ars) in the ade no ma gro up and 55 ye ars (ran -
ge= 42–72 ye ars) in the non-ade no ma to us gro up.
The non-ade no ma to us mas ses con sis ted of 10 me-
tas ta ses, 4 phe oc hro mocy to mas, 1 ad re no cor ti cal
car ci no ma, and 1 ad re nal lympho ma (dif fu se lar ge
cell lympho ma). Pri mary ma lig nan ci es in the 8 pa-
ti ents with ad re nal me tas ta ses (10 mas ses) we re as
fol lows: 5  (6 mas ses) pa ti ents had lung can cer, 2 (3
mas ses) pa ti ents had bre ast can cer, and 1 (1 mass)
pa ti ent had ade no car ci no ma of the rec tum. Fi ve
pa ti ents had bi la te ral mas ses (bi la te ral ade no mas in
thre e pa ti ents, bi la te ral me tas ta ses in two pa ti ents).
Eigh te en of the ade no mas we re non-func ti o nal and
thre e we re hyper func ti o nal (one pro du cing cor ti sol
and two pro du cing al dos te ro ne). The me an di a me -
ters, with stan dard de vi a ti ons, and di a me ter ran ges
(in pa rent he ses) we re 22 mm ± 0.9 (15-34  mm) for
ade no mas and 34 mm ± 1.4 (28-54 mm) for non-
ade no ma to us le si ons. 

The di ag no sis of the mas ses was con fir med by
bi opsy (1 ad re nal lympho ma, 2 li pid-po or ade no -
mas), sur gery (3 hyper func ti o nal ade no mas, 4 phe-
oc hro mocy to mas, 1 ad re no cor ti cal car ci no ma) and
cli ni cal and ra di o lo gi cal fol low-up (18 ade no mas,
10 me tas ta tic di se a ses). For the fol low-up, all pa ti -
ents un der went a ba se li ne US exa mi na ti on. Le si ons
de tec tab le by US we re mo ni to red with US, but for
le si ons in vi sib le by US, MRI was used in or der to
avo id the X-ray ex po su re from CT (US every 3
months, MRI every 6 months). Six te en le si ons with
a sug ges ti ve ra di o lo gi cal di ag no sis of ade no ma sho-

Bakır ve ark. Radyoloji



wed no chan ge in si ze du ring the ra di o lo gi cal fol-
low-up (12-24 months, me an= 15.3 months); be si -
des, no cli ni cal or ima ging evi den ce of an
ex tra ad re nal pri mary ne op lasm was pre sent; thus
they we re con si de red ade no mas. As the re ma i ning
10 le si ons (all with known ex tra-ad re nal pri mary
ne op lasms and ot her evi den ce of wi des pre ad me-
tas ta tic di se a se) disp la yed an in cre a se in si ze (>3
mm/6 month) du ring the ra di o lo gi cal fol low-up for
9-24 months (me an 12.2 months), they we re con-
si de red me tas ta tic mas ses. For the se ca ses wit ho ut
his to pat ho lo gi cal con fir ma ti on, a di ag nos tic con-
sen sus was re ac hed bet we en the De part ments of
Ra di o logy, Sur gery and/or En doc ri no logy and Me-
di cal On co logy. In for med con sent was ob ta i ned
from all pa ti ents.

MR PRO TO COL

All scans we re per for med on the sa me 1.5 T ima-
ging system (Mag ne tom Symphony, Si e mens Me di-
cal So lu ti ons, Ger many). The system pro vi des a
ma xi mum gra di ent strength of 30 mT/m with a pe -
ak slew ra te of 100 mT/m/msec. DW MR ima ges
we re ob ta i ned by a fo ur-ele ment pha sed-ar ray
mul ti co il for the body, using a mul ti sec ti on sing -
le-shot ec ho pla nar se qu en ce on the axi al pla ne
wit ho ut bre ath hol ding. The fol lo wing pa ra me ters
we re used for DW se qu en ce; pa ral lel ima ging re-
duc ti on fac tor of two; TR/TE= 4400/85 ms; sec ti on
thick ness, 6 mm; in ter sec ti on gap, 1 mm; mat rix
si ze, 128 x 128; fi eld of vi ew, 400 x 400 mm; par ti -
al Fo u ri er fac tor, 6/8; band width, 1370 Hz per pi -
xel; se ven ex ci ta ti ons, wa ter ex ci ta ti on with b
va lu e of  50, 400 and 800 s/mm2. Fat sa tu ra ti on was
used to avo id che mi cal shift ar ti facts. The who le
se qu en ce con sis ted of 30 sec ti ons. The study was
per for med du ring nor mal res pi ra ti on. In ad di ti on,
the ro u ti ne ab do mi nal ima ging pro to col was app-
li ed, which inc lu ded axi al and co ro nal bre ath-hold
T2-we igh ted HAS TE se qu en ces, axi al and co ro nal
in-pha se and op po sed-pha se ima ges and bre ath-
hold T1-we igh ted fat-sup pres sed spo i led gra di -
ent-ec ho sha red pre pul se se qu en ces ac qu i red
be fo re con trast ad mi nis tra ti on and du ring the ar te-
ri al pha se (15-20 se conds) and ve no us and de la yed
pha ses (60 and 180 se conds) af ter con trast ad mi -
nis tra ti on.

IMA GE ANALY SIS

Dif fu si on se qu en ce was ac qu i red at the first MRI
ses si on in all pa ti ents and me a su re ments we re per-
for med ba sed on this se qu en ce.

Qu an ti ta ti ve me a su re ments we re ma de usinga
de di ca ted work sta ti on (Le o nar do, Si e mens Me di -
cal So lu ti ons). Sig nal in ten si ti es of the ade no mas
and non ade no mas we re me a su red for each b fac-
tor of 400 and 800 s/mm2, using a si mi larly si zed
RO I. Ho we ver, as T2 shi ne thro ugh ef fect, which
can al ter me a su re ment re sults, is stron ger on lo wer
b va lu es, no sig nal in ten sity me a su re ment was per-
for med on b fac tor of 50.13 TheROI was pla ced cen-
trally and the si ze of the ROI was kept as lar ge as
pos sib le, co ve ring at le ast two thirds of the le si ons.
In ad di ti on, all the ADC maps we re cre a ted au to -
ma ti cally on a work sta ti on with stan dard soft wa re
(Le o nar do, Si e mens Me di cal So lu ti ons); the me an
ADC va lu es we re de ter mi ned on ima geswith b fac-
tors of 50 and 800 s/mm2. The sig nal in ten si ti es for
ADC cal cu la ti on we re me a su red by using a si mi lar
si ze RO I. Cal cu la ted ADC va lu es we re ex pres sed in
squ a re mil li me ters per se cond (× 10−3 mm2/s).  

Mann Whit ney U Test was used to com pa re
sig nal in ten si ti es for each b fac tor (400 and 800
s/mm2) and ADC va lu es bet we en the ade no mas and
non-ade no mas.

RE SULTS
The re sults of the qu an ti ta ti ve analy sis of the ADC
va lu es we re pre sen ted in Tab le 1. ADC va lu es de-
mons tra ted no sig ni fi cant dif fe ren ce (p> 0.05) bet-
we en the two gro ups. Sig nal in ten si ti es with b
fac tors of 400 and 800 s/mm2, de mons tra ted no sig-
ni fi cant dif fe ren ce eit her (p> 0.05). The me an sig-
nal in ten si ti es for ade no mas with a b fac tor of 400
and 800 we re 52 ± 17.9 and 31 ± 12.2, res pec ti vely.
The me an sig nal in ten si ti es for non-ade no mas with
a b fac tor of 400 and 800 we re 62 ± 18.7 and 34 ±
14.3, res pec ti vely.

DIS CUS SI ON
DW ima ging is ba sed on the res tric ti on of ran dom
trans la ti o nal mo le cu lar mo ti on (brow ni an mo ti on)
of wa ter, de ter mi ned by the dif fu si on co ef fi ci ent.
For two de ca des, it has be en used ma inly for the
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Adenomas ADCa Nonadenomatous Mann-Whitney U Test

Values Adrenal Masses ADCa z p

(n= 21) Values (n= 16)

Mean 1.096 1.034

Standard devriation 0.128 0.179 1.412 0.158*

Median 1.090 1.035

Minimum 0.82 0.82

Maximum 1.27 1.43

TABLE 1: ADC values of adenomas compared to ADC values of non-adenomatous adrenal masses.  
Mann-Whitney U Test demonstrated no significant difference (p> 0.05).

* p> 0.05
ax 10-3 mm2/s.

ADC: Apparent diffusion coefficient

a b

c d

FI GU RE 1: A 59-year-old man with right-sided adrenal adenoma. A- In-phase MRI shows right adrenal mass that is slightly hyperintense compared to the
spleen (arrow). B-Opposed-phase MRI shows decrease in signal intensity in adrenal gland compared to the spleen (arrow). C- The ROI placed over the lesion
on diffusion weighted (b= 400) axial MRI, D- The ROI placed over the lesion on ADC map image. 



eva lu a ti on of in trac ra ni al di se a ses. The use of DWI
in the ab do men is hin de red by cer ta in li mi ta ti ons
such as physi o lo gic mo ti on ar ti facts ca u sed by res-
pi ra ti on and car di acmo ti on, the short re la xa ti on ti -
mes of the ab do mi nal or gans and long ac qu i si ti on
ti mes. In the 1990s, a se ri es of tech no lo gic ad van -
ces ma de it pos sib le to trans la te DWI me a su re -
ments to ex trac ra ni al si tes, inc lu ding the
ab do men.13

To day DWI can be used for tu mor de tec ti on,
tu mor cha rac te ri za ti on, dis tin gu is hing tu mors from
non tu mo ral le si ons and mo ni to ring tre at ment res-
pon se..  Tu mors are fre qu ently mo re cel lu lar than
the tis su e from whichthey ori gi na te and thus ap pe -

ar to be of re la ti vely high sig nal in ten sity (res tric -
ted dif fu si on) at DWI.13 The re are re ports in the li-
te ra tu re abo ut the con tri bu ti on of DWI to tu mor
de tec ti on.13,14 Tu mors dif fer in the ir cel lu la rity and
this dif fe ren ce may ref lect the ir his to lo gi cal com-
po si ti on and bi o lo gic ag gres si ve ness.13 The uti lity
of DWI for tu mor cha rac te ri za ti on was first de-
mons tra ted in bra in tu mors.13 To day it is used for
the dif fe ren ti al di ag no sis of be nign and ma lig nant
mas ses of the li ver and the bre ast, in dif fe ren ti a ting
so lid or cystic re nal mas ses and soft tis su e tu mors,
and de mons tra ting cystic le si ons in pan cre a tic and
ova ri an can cers.15-22 DWI can al so be used to dif fe -
ren ti a te tu mo ral tis su es from non-tu mo ral tis su es.
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FI GU RE 2: A 46-year-old woman with left adrenal non-adenomatous mass. A- In-phase MRI shows right adrenal mass that is slightly hyperintense compared
to the spleen (arrow). B-Opposed-phase MRI shows no change in signal intensity in adrenal gland compared to the spleen (arrow). C- The ROI placed over the
lesion on diffusion weighted (b= 400) axial MR image.  D- The ROI placed over the lesion on ADC map image. Biopsy proved the mass was adrenal lymphoma
(diffuse large cell lymphoma).
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