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Computed Tomography of Adrenal Cushing’s Adenoma
—CT-Pathological Correlation—

Takayuki Yamada
Department of Radiology, Tokyo Wemen'’s Medical College

Research Code No. : 523.1

Key Words : Cushing syndrome, CT, Adrenal gland

CT findings of 22 patients with surgically confirmed adrenal Cushing’s adenomas were compared
with pathologic findings.

The cut surfaces of the adenomas showed mixture of yellow and brown areas in various
proportions and were classified into three patterns; speckeled brown areas in yellow background,
geometrically brown areas in yellow background, totally brown or black surface. The maximum
diameters of the cut surfaces were measured.

The CT appearances of Cushing’s adenomas after intravenous contrast administration have
various patterns of enhancement and classified into three patterns; speckled, geomtrical, and
homoenous. The maximum diameters of the adenomas in CT images were also measured.

Correlation between the CT and gross appearances of the specimens showed that while brown
areas in adenomas were strongly enhanced, yellow areas were poorly enhanced. Histologically, brown
areas in adenomas consist of compact-like cells with rich intercellular space and yellow areas consist
of clear-like cells with poor intercellular space. The patterns of contrast enhancement some to depend
on the cell types of adenomas. Difference in the intercellular space between compact and clear-like cells
may have altered the patterns of contrast enhancement.

The study also revealed that predominantly brownish adenomas were smaller in size than
predominantly vellowish ones. As compact-like cells which make up the brown areas in Cushing’s
adenoma are thought to be more active in producing and secreting steroid hormones than clear-like
cells, this result suggests that clinical symptoms may appear earlier in predominantly brownish
adenomas than in predominantly yellowish ones.
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— T2 C L FE RO TR AE o i\ R IR & R R 1
ST CTEEZHE L, (BRALEZES 2 filcik
C DM R BRI L CHEIE Ui, IREEIE O R4
Bzt ->T, CT % density I & 5 D% 54|04
Badiic, £ OB density © &\ EIR(GE
# CT TREEDHEOMEEE) 2 MER]
b b HHE TR, HReRDSh 558
A3 THER) & L7e, B#CT 3R, ko
KA RETH - fofedd, #E#CT iz o458
BT o7, 220 I TEEFNC >\ T IS o HE B
RIZoWTKE L. 2) BEORKAKEREY Hil
L, RIREAEEOKE X LB L, by
AREEAREIE» S Lok % X L RELIE O &
DHEBI R Lz,
# H

REIEFID CT ROBIEEA Y LB
RTTELTHB (Table 1)

22FEBI D IERE D JFAE 1345 9 PIEE13FI T R
Zirotc, 26 CT CEEIHE I,

CT oL ka5 &, Bl CT cRy—
Tl 1263 U — s & L S e
D0BIB Y, BIERETH -7, LL, Sk
35— 3 Bhic 3 &-F, 1961 BIR B B\ i
BReSES R, FHEREoR LTS
CTo5 %, 18%41(82%) %, EIEEADEE & —
B L7, Bl CT <, RY—4F< b density D
DUNE L, TURES B R CEIEEA L —B LT
DI —FIRED T4 (18%) OHRTH -7z,
ChERO CT @2 bR— v oEEEs
BT CT {E% I L= (Table 1), 85 hi CT
B2 MEHEGIC X U-C IRAT B o 38 & oR
WCEEOMHB AR S oo, Z0 5 b
BT —Ief % 2 LI 12FEFhic o\ CEEH o
RS BRIV O 5 & AERIUE O 55 0 55855
BE5HI#ED CTEOFHESD R BHT 5 L, &
FERIBE 51T X D 1260 B o 7 WU 0 E5 43 0> 5.
D CT B 1X52.4+14.7THU 7 5128.3+21.1
HU, & % % o i 5 ©32.5+10.3HU » &
63.2+18. 0HU i LR L7z, 0 ZE LA HE L,
Fig. 1iwm L (Fig. 1), ZhTxb i, HEIC
FEBHY 1 B, D 38 43 0 38 B 3 SR A ME RIS o 30
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Table 1 Summary of 22 patients with CT findings of Cushing’'s adenornas
a Gross Appearance Microscopic CT Findings
ase of Adenoma Findings . Plain CT Enhanced CT
No. Sex/Age Appearance Diameter Diameter value value
.‘ . pg color) (location) Appearance (ngh/ Low) /\ppearance (ngh/ Low)

1. F/10 H (BD 3 (L) Co>Cl 3 H © 93 H © 144

2. F/38 H (BD 3 (L Co == Cl 3 H © 32 Ge 140/90

3, F/30 H (BD 3 (R Co > Cl 3 H(*x%)© 82 H(x%) © 148

4, F/41 Sp (PBr) 2.8(L) Co>>Cl 2.4 H 88 H 133

5. F/25 Ge (PBr) 3 (L) Co > Cl 2.8 IH 47/36 Ge © 112/62

6, F/28 Sp (PBr) 3 (R) - 2.5 IH 61/33 Ge 129/53

7. F/40 Ga (PBr) 2.9(L) Co > Cl 2.8 IH 45/35 Ge © 160/82

8. F/37 Sp (IM) 3 (R) Co < Cl 2.5 H 25 Sp @] 102/51

9, F/33 Ge (IM) 3.2(R) Co=5Cl 2.6 IH 53/41 Ge © 113/74
10, F/38 Sp (PBr) 2.5(R) Co > Cl 2.6 IH 79/47 Sp © 135/69
11, F/40 Ge (IM) 4 (LD Co 2 Cl 3.8 H 46 Ge © 103/74
12, F/39 Ge (IM) 2.5(L) - 2.4 IH 52/39 Sp 115/72
13, F/49 Ge (IM) 3.2(L) Co < Cl 3.2 IH 65/37 Ge ] 152/79
14, M/49 5p (PYe) 3.5(L) Co < Cl 3 H 52 Sp ] 121/75
15, F/29 3p (PYe) 3.7(L) Co = (I 3.8 H 64 Sp © 102/65
16, F/35 Sp (PYe) 3.5(L) - 3.8 H 45 Sp © 137/71
17, F/50 3p (PYe) 3.5(R) 3.3 H 44 Sp © 127/69
18, F/72  3p (PYe) 3.2(R) Co << Cl 3 IH 67/35 Sp o] 125/62
19, F/42  Sp (IMD 3.5(L) Co < Cl 3.2 IH 59/37 Sp © 155/82
20, F/43 Ge (PYe) 3.5(L) Co << (Cl 5.2 IH 38/21 Ge o] 138/57
21, F/12 Ge (PYe) 3.8(R) - 3.5 TH (H ) 32/16 Ge(k*)O 118/47
22, M/48 Sp (PYe) 5 (R) Co << Cl 4.2 IH © 31/13 Sp @ 87/19

H: Homogenous IH; In-homogenous Sp; Speckled dark brown areas on the yellow base Ge
Predominatly dark brown PYe;

areas on the yellow base Bl; Black PBr;

: Greometrical dark brown
Predominantly yellow IM ; Intermediate

Co ; Compact-like cell Cl; Clear-like cell (%) ; Calcification © ; Good correlation between the gross appearance and

CT finding Diameter ; (cm) CT value; (HU)
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BEDKENE EDRDDot(p<0.001), F7cH
BT R L —B T 5 BERLER CT 0184l%
B+ s e, CTEHTRENOLENEL RO
SRR R AN, SFWRBIIEREHEEDL
ntc (Fig. 2~4), MHMPT R IZIRE O BRI 0
clear-like cell & compact-like cell D &% B DE|
BB RFENT, RETTHEI - 2217610 5 b,

BEagE BREROEEC 7ARLMAREARO
compact-like cell DEIED %<, FHERIRED
5 i clear-like cell DEIEM %2 -7z, FE
FREDIH D 3H, clear-like cell 3% 25 e
LD 2FTH ot RIZZHBIER D Ibb b
B ISR R THIC oW THBEREA & i
L7, fES 1 &% CT e —ic®m\ - CT
¥RL, BB LY cERHELY R LI2(93HU
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—144HU, Fig. 2A). ZDEFORBEERY % 5
L, BERBOBIGoEl AbhitRERET
ot (Fig. 2B), @A ClIREOR L
7 lipofuscin 12 % 15 compact-like cell ® i 1z
o TEREhR T (Fig 20), —7%, fEF22
TR CT B0 &V EIE A BERICHE < 35
CRDHRHD, FAHSERETED LR, &
THLEC CTEYRL, B EEMHREIE (K
% sk o 4 ¢13—19HU, Fig. 3A). & o flTix
REZIEZAZ WEETh TR ERED
HEEPET AEGERETH - (Fig. 3B), Mk
EAR TR fl & ot B i X8 4 23 clear-like
cell DM THER S ATz (Fig. 3C), Ll
— AN OIIES 7 0 X 5 12:&8 CT T density D
AS95Y, BESIEI HER (35 WIEEER)
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Fig. 1 Twelve cases of Cushing’s adenoma with

inhomogenous CT appearance both pre-and post
contrast enhanced study. After the administra-
tion of contrast media, the contrast gradient of
the relatively high density areas are more in-
creased than of the low density areas in
adenomas.
@®: mean CT value of relatively high density
areas in twelve cases of Cushing’s adenomas. O ;
mean CT value of relatively low density areas in
twelve cases of Cushing’s adenomas. CE; con-
trast enhanced study

ICHEBEN L RBAEBEL I ESFNEI T
(Fig. . Th b DEFOBBELY 25 &, EH
BEREERFORBMRTHIERZL W
compact cell LD L, HREOHEMART
HHIREOEE K clear cell oM BIkH
LDVERBERICREL, ThXhIHEADORER
B, HB\EMALER L T\ (Fig. 5),
HIHRE Y 1 X L EBROBFRIC OV THEE L
7o, BBRIE @ & K E £ 122.5cm » H5em TFH
3.29+0.55cm TH -, hiEH L CTE”S
FHAIL 7 IR o i KRB 132, 4cm &> H4.2cm T
F353.1+0.50cm TH T, FEFAZ EDH A1 XD
HETh CT BEEEREOY 1 X212 L Ty
7o, SIEEAOCGBH L EEORARE L OBMFRY
Fig. 6 i/~ 3 (Fig. 6). fEFID > b, HHWEREE
DFHRAREE3. 71+0.55cm, BB ERFOF
BEAERIT2.90cm+0.18cm TH oo, = D
R, PHBFZERE, SEAHEFLEEAENCH
NPELPILEREORKE W EBRER I AL (p<

R 24 2 A25H

- (33)
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0.01), —77, CT &bt hi-EEoRrARE
BRI HBEFRTEOFH23.48+0.43cm, BBEH
FX2.76cmE0.2dcm T b L b EBICEBE
FELEBBARAF L TAEY (<0.01) 25
3em OV A XORRELAHEZICH B 5 21, FEBFE
DORRIEY 1 XE—FEDEA A RS lahotcZ & o
b, CTBTOHRADOATIREDOHIZEEIE 7
WE LN T, LirL, CT ROMRBBOBRE Ok
REMAEDLES L, 3om #Hiz ARECTERS
ROF B S L OXFHBAENE, 3cm
Wil o 7o R IE TR AR O R\ HIRO BRI S
W oREBAENE, LTl E Bbhi,
LEOBRFEREZ I LDBE, KDL K-
7o.1) &% CT XEMCT X v REHmOFMREL
B<RML, & CT & CREAOLEY CT &
gL, EEHREOM I oI EEEADORBE
WThoto, Mz, HERCT ENMEL, SEE)
ROBVCHSIEIEAOERABTH 1o, B
AUTRETH - TIEFIDOEBEREANOE 2B L, £
o FE B B 1k £ £ b compact-like  cell &
clear-like cell & Bbhiz, 2) BEOGBHEDOAZ
RLoMicE—EoER A DY, BEAHEARE L
HBEFRIRE L~/ (p<0.01), CT &5 5
Al hicEAREOZTRERALTFHTH - &
VIEHEER - fond, BHHRLERL, 3cm HEx
% RIE CEE LRI RO B s b DILEB
B8, 3cm ITfE T o\ RIE TS B4 oo B\ RIS
DOEM DB BENR L FHULTELEEbR
7.
z =

Cushing fEEF * 23 % BIBRE O HEEZ R
CTrERTHAZ LRELAMbAhTEY, IFE
THREGZSHOE—BIRE LTHVLhD Z LM
%\, Cushing l#fEx CT @ C3EMAFOEBBE
BELTRHEIhD, —7, AENCLRS L,
Cushing IRE IR EEEOKRET, EWOE
BEE O ERE 2 HR T % compact cell, FRH
R T % clear cell ICELIL 7- = EE O EEM
Ba compact-like cell, clear-like cell 3% 4« ® tt,
RTRUDVE-THREBELXERLTH529, o
5%, clear-like cell 7375 & (B4 <) &<, K
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Fig. 2 Left adrenal Cushing's adenoma (case No.
1)
A (left) On the precontrast CT, left adrenal
adenoma (arrowheads) is shown as relatively
high density soft tissue mass. (right) Postcontrast
CT demonstrates homogenously enhanced mass,
B Surgically removed specimen. Adenoma has
totally black surface. C ; Microscopic appearance
reveals the adenoma composed predominantly of
compact-like cells.

(34)

Fig. 3 Left adrenal Cushing's adenoma {case No.
22)

A (left) On the precontrast CT, left adrenal
adenoma {arrowheads) is shown as totally
hypodense soft tissue mass. (right) Postcontrast
CT demonstrates almost non-enhanced mass
except for speckled high dense foci. B ; Surgically
removed specimen. Adenoma has yellow appear-
ance except for tiny speckled brown areas, C;
Microspopic appearance reveals the adenoma
composed predominantly of clear-like cells,

BEEfai: #0E M2E
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Fig. 4 Left adrenal Cushing’s adenoma (case No.
i
A (left) On the precontrast CT, left adrenal
adenoma {arrowheads) is shown as inhomogenous
hypodense mass. (right) Postcontrast CT demon-
strates geometrically enhanced mass. B ; Surgi-
cally removed specimen, Adenoma has geometri-
cal dark brown area in the vellow brown area,

Bt @ lipofusucin Wil % & ¥r, compact-like cell
OLTHEZhT-RERARGCAYD 2 »
rv/BEERED, BRAEZLZZENG
“black adenoma”™ & L TEMABEEHE 2T\
A0 "black adenoma” RFEFAL FTAS &
HTFLEBhboTlEvEdbRATL AN,
s, PORRAMICAA LR EHMAEKE A 2 S Cush-
ing UL 35, BEORITREEN L WEAE
L+ OBETRL YA - T—2o0 RN 2 M
LTwva2% ZoRL A LTHER), THER)

Tk 25 2 A258

(35)

Fig. 5
adenoma. (case No. 7)
Clear-like cells {Cl) and compact-like cells (Co)
are mixed in one adenoma.

Microscopic appearance of Cushing’s

5k ]
E
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- al &
= 8
E ] o000
w LN ] a
g aF --!n -1
(al . &
5
g °
>
o
=
1k
Pradominantly  (ntermediate  Predominantly
dark brown olow
(n=8) (n=6} (n=8)
COLOR

Fig. 6 Comparison between the color and the
maximum diameter of the cut surface of twenty-
two Cushing's adenomas

Lo tBENTERLSS, KB UTIRC AL
B, HBEo R 5M4EEYET 5 Cushing BMH2
CT it s LA,
ETIRMOEN, BEECT ®:oMEIZ2w
TR L7, H#i CT © density @ & 7 12EEY
B+ % compact-like cell & clear-like cell @
EifocHBEoECLI b0 LE L LABY, B
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Fig. 7 Dynamic CT study of the right Cushing’s
adenoma (arrow) after intravenous administra-
tion of the contrast media. (left) Contrast enhan-
cement just in the aorta and the arteries in the
adenoma at 14s. (right) Contrast material distrib-
utes in the intercellular spaces of the adenoma at
60s.

—IZ % 2 B Pl ERAEER O IR a8 o E )
X<, CT 0Z=HEBNORAE 2 icicd & B
bhb, KEOEEEALIEY CT DiRdMRR
<R L7=(82%). FEFDTeh T WIREEADE
TR RBED LD “black adenoma” D fEF (Fig.
2) LEIELF EEHEHAOEN (Fig. 3) Tl
Bh B L W BAT “black adenoma” AiH—Iz il
WEESRERTOIEL, (93HU —144HU)H
BIREOER R ILIE (ERIBUE 45 T13
HU —19HU). zoZ &nb, oG EE
B RBERCTRLVEIBED 7 v v v /IR
EcE&EERoME B EBBEE, BV
BEBAHLEZORS, ChIEAFCCT &
L FEMEA LT D LR &8 L (Fig. 4.
IRiE D BB & compact-like cell, FHHAEEIIL
clear-like cell 2B A & ST\ BDP9, 4Bl
BEORF ORI hCEA TR RBAFRRE
compact-like cell, FHHREFRETIX clear-like
cell DEFRPEL, RAFEOKRLRL (Fig.
2C, 3C, 5). ft-T, RERECLE@mOFR LHE
DORRIE L Lkl Lo CT & L GG TEED
SHHAT & b o fe s, EHHROMFEEI
compact-like cell, 8§\ i1 clear-like cell &
FH & hiz,

(36)

ERRESEA OB « BE~OEFHRICo
W A4 OFFEA|E STV B9, Thic
L5E, BERECRSShics - FERHE
L1 LA mERED» G ERE~BTT 5, I
B L BT A HEROGYAIRE L 3 SHI#T
FHcEL, DEOENA~OETOFBBITNEL
5, IMEHNREEREA~405 D izt » TS
5., ZOM, BrbodEitoin, REREAIC
ThoT@ <, MFEEZ BB L i\ dilfar~
BEEHNAAD Z L9 dynamic study %
HifT LM ckismic CT ok n s &, &
EHEAUBBEDG L0REOE T, BEFHRED
I D g EEME S o T FRF gD (Fig.
1. SEOKHNT CT ExRFHILcRE oML
T, BIGEEHINEASRICRETERE IR T
WA DT, MEMA & MEANRERED N iCEEHA
DEEL, SBFHROMEEIhbMRMEDSE
BRICEET A LEZHR A, Matsuo b, &
FEHEMSBIC X A5, Cushing BREEIC T
1% compact-like cell DEIE D % 5 A1 clear-like
cell DEEIH X Y HBEREOBELKE L, LWEL
TWAY ft- T, REAOEFED CT fE0ZE1X
Z O O0ERABHOMEROBHEDER X
L, BRMEHABVERAERIRL EVEEHR
BRLICbDEEZLRS,

WIZREDO K & X L EBROBRICOVWTHENS
& EFAIBUIA I TR A B O E DD EF R R LT,
By, ElmoafsbBRERE oHEShRE
DFHgERERE (£SD) 1£3.7+0.55cm TEBE
HEoEEALEEDOF¥H2.940.18cm i fE X
K EHAID -7 (p<0.01) (Fig. 6). CT &
TRRAER3cm LRl S hcRIELRT T O
CEENRD5 %, YA XC—EOERZRI R\
hBEAEET A0 THREEIEETH -
7z, LHLCT THHAEEZEOH 1 ACARELHTD
bha o &nb, BEHROBRFERELMEKRL T,
3cm Xz HRECTHEFHROF VHEBEO b D
IEBREH, 3cm o WEECEE RO TE
WO b 0 EBEHEAOTEMSE VL Bbh
%. Matsuo Hic X #uiE, Cushing BREEIC s\ TiE
compact-like cell AT v 4 FhrxvDRELE,
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I3 compact-like cell TEREhTWEEEZDL
n5Mhb, compact-likecell DI 5B AF v A K
HR o' Vv EHE, 5O activity B E R
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HBOTIL D, EOHERISLE LD, SHD
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#® &
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FillEhiz,
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7o,

Mr#zzwbich, WEN HEMEB-~EBFT
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