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CT of the Normal Adrenal Glands and Image Diagnosis of the
Adrenal Diseases
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The appearances of the adrenal glands of 200 normal subjects were evaluated using computed tomo-
graphy. Comparative assessments were also made of adrenal diseases in 44 patients with using CT, ultrasound,
adrenal scintigraphy and angiography.

Following are the results which were obtained:

1) Using an AS&E450 CT scanner, the thicknesses of the right and left adrenal glands were 3.520.9mm
and 4.6x0.9mm, respectively. Using a Toshiba TCT 60A unit, the thicknesses were 4.2+0.8mm and
5.0%0.9mm, respectively. Abnormalities can be suspected with thicknesses greater than 5.5 mm and 6.5mm on
the right and left sides, using the AS&E unit, and greater than 6 mm and 7 mm on the right and left using the
TCT apparatus.

2) 100% (5/5) of the adenomas in Cushing’s Syndrome were detected by CT, scintigraphy and veno-
graphy; and 60% (3/5) of them, by ultrasonography. All (4/4) adrenal hyperplasias were diagnosed by scinti-
graphy; and 75% (3/4) of them by CT. The differential diagnosis of adenomas and hyperplasia in Cushing’s
Syndrome can be accomplished using scintigraphy and CT.

3) The rates for diagnosing adenomas and hyperplasia in primary aldosteronism were 91% (10/11) using
CT and venography; 82% (9/11) using scintigraphy; and 20% (2/10) using ultrasonography. Small masses in
the adrenal glands difficult to detect, especially in the left adrenal, using ultrasonography.

4) All (4/4) phenochromocytomas were detected using either CT, ultrasonography or arteriography.
However, considering their occasional ectopic origins and multiplicity, CT is regarded the examination of
choice for such lesions.

5) All 3 of the adrenal tumors in children were detected equally well by CT, ultrasonography and ar-
teriography. Arteriography was especially valuable in determining their precise origins.

6) All 3 nonfunctioning tumors were equally well detected by CT, ultrasonography and arteriography;
however, CT and ultrasonography are regarded of special value in clinical follow up examinations.

7) Metastatic adrenal tumors were detected at a rate of 92% (23/25) using C'T. Arteriography was
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performed in only 2 of these cases, but the tumors were detected in both of them by this means.

8) The overall diagnostic rates for the 62 adrenal abnormalities in the 44 patients were 92% (57/62) for
CT; 59% (19/32) for ultrasonography; and 93% (28/30) for scintigraphy; 97% (31/32) for angiography.
These results indicate that CT is the examination of choice for most patients with suspected adrenal abnor-

malities. Normal sizes for the adrenal gland should be established for each CT apparatus used for this purpose.
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Table 1 Investigated adrenal abnormalities

Cushing syndrome 9 [
adenoma
hyperplasia 4
Primary aldosteronism 11
10 ?
i hyperplasia 1

| adenoma

Pheochromocytoma
| Neuroblastoma
| Ganglioneuroblastoma
Cortical adenoma
Cryptococcosis
' Rhabdomyosarcoma
| Metastasis 14
|
[

— = RO

Total 44cases |
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Level Pararenal level
-3 Kidney not visualized
=2 |1 cm Kidney not visualized
=1 Kidney not visualized
0 ,,ﬂ—-«\\ Partial volume effect
1 \ Parenchyma only
2 ~ _// } ) Calyces
3

/
/ \&J/ v

pararenal levels can be distinguished on
transaxial CT sections.

Fig. 1 The renal ruler

Right Left
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Diagram showing the method of

the transaxial position of the
adrenal glands relative to the

vertebral body.

V: vena cava inferior.
Fig. 2
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W=width T=thickness
Methods of measuring width and thickness
of the adrenal glands.
Thickness was not measured in triangular-

shaped glands.
Fig. 3
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Table 2 Position of the adrenal glands

side
H“hx right left
*mm

40 1 1

50 11 8

60 28 13

70 40 25

80 43 36

90 39 43

100 25 37

110 i 9 26

120 10

total 196cases | 199cases

*distance from the lowest tip of the sternum.

Table 3 Position of the adrenal glands

side |
right left [
level
—3 | 1
-2 i 75
-1 i 9 13
0 | 22 75
1 | 78
2 | 30
3 | 3
total | 196cases | 199cases

The renal ruler applied.
Pararenal levels can be distinguished on tran-
saxial CT sections.

fe. BIBOME KB TR LY dem 2 512em B
FHep v, FEFDINLCARIFFEAEIR X b EAl
RLZ2H - 7= (Table 2). &k OfrEREEH% Fig. 1
- TEHHILT, Table 3 WiRd. Thbbh
BB EB oM, AL EREORICIFEL
e D 1966IFR17461 (89%) T, BEEOHHic
L Ucd Ok e 1968502260 (11%) Th
-t R, 1996518661 (94%) &
B EEOMGE L, BOoBEMALE LT\ i
HOIX1996I 136 (6 %) Thote. Hifk LEI
BofERfRIE Fig. 4 17T L5 i EEIBGS
Pl e+ 5 LR AEE LT i, Bl o
(% Table 4 {ond X 5 whH iR s ABEREYET
HHON8A% AL, Uk HYFR (14%), W
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right left
15 10 5 0 -5 o 5 10 15 20mm
il 20
4 2 1 [] 3 Al
15
1 3 3 1. | 8 10| 4
10
1 26| 7 7 |14 |13 7
3
5|21 46| 7 16| 30|19 | 10
o
24 | 31| 3 ™~ 8 | 15|17
-5
B [ 3
vertebral body -10
1 1 1
4/} =15mm
e
total 196 cases total 199 cases
Diagram showing the transaxial position of the adrenal

glands, relative to the vertebral body.

Fig. 4 Position of the adrenal glands

Table 4 Shapes of the adrenal glands

~. side
- right left
_ shape T~
inverted Y 14% 86%
rod shape 84% 5%
V shape or .
Inverted V 2% %
triangular 2%

VFR (2%) cfiiEh Tk, TheRL,
ERIBIUY FREET 5 bO286% L %<, i
REVER (7%), AR (5%, =fal

(2%) #BL T\ (Fig. 5, 6).

B ok & % Fig. 3 iR L CRIEL,
Table 5 2773, AS & E CoOSHIOAEIEDIE
1326.5+5.6mm, EXx133.540.9mm TH - 7=,
1006 D 72 BT OfE1:21.64:4. Imm T, 97f|DE
X134.64+0.8mm ThHot. —7F, TCT TD98
BlOEEIBOIER29.046.0mm, & X(34.240.9
mm, 99610 ZRITOEIL, 26.945.4mm, 974
D FEE1X5.040.9mm ThHo . FIE0 Eaxn
FifE+20 Dbx BLiboir9 GBI (2%)
Thote. AABIEINH, Firkxl, —
75, ESEQIESNE L, ESEWETC S -
fo. ¥, TCT wisid % MEMEL AS & E 1w
TaEhIDbKREL, MBEHCEERELR
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Fig.5 CT of normal adrenal glands (arrows).

Inverted Y shaped right adrenal gland. Rod shaped
left adrenal gland.

Table 5 Size of the adrenal glands
\side (mm)

scannk\

AS & E

Rt. Lt.

width i:hiickness; width ithickness

26.5 3.5

- +5.6| £0.9| *+4.1| +0.8
| Ceases) | Tog) | (98) | (100) | ©on_|
29.0 |42 1269 5.0 |
(o) | A6:0| *0.9| %54 0.9 |
: (98) | (98) | (99 | (91 |

@ic (p<0.005).
2. ERAH
BIF R % R L 1o 44Bl62 2R >\ T

Table 6 Summary of

HAE EhE e S M 4294

#1005

:ig‘

Fig.6 CT of normal adrenal glands (arrows).

Rod shaped right adrenal gland. Inverted Y shaped
left adrenal gland.

BitLic, 205y CT T oY BHETE-
DUISTIREE (92%) TH-te. US TIL27H1325%
ZERRI9HRZE (59%) % W L LT #iH vE k.
Bl v 75 7 4 132500 fT\, 30JRZEH2855
% (93%) WwRERR Lic. mEERIMIRE
#1600, BHIREMIOF, HIRER L BIRER 2 6
OFF28BIAT, S2FHEFINRE (97%) =RE
ELTRHITE e, LT, FEEOREFC o
T35,

A 4w U FEREE (Table 6)

FFCHEL S IcE 5 Bl & IR 20T L

patients with cushing syndrome

Case Age | Eex e ll US . Venc’g”i? I? F_ilnal ) l\:da.ximum‘
number Rt 0 [ Rt L Rt ‘ Li Rt :r Li diagnosis size (mm)
1 D F | + [ = | = [0 N[ ¥ | = | aderoma (D) 3
2 42 | F - + — -+ NV | IU| - + adenoma (1t) 2
| 3 | 31 F - + - + | NV | IU + | adenoma (It) 30 |
| 4 |45 | F | = [+ [ = [ =[N |[T0| = | & | adenoma (It) 8
5 39 F - -+ — - NV | IU | — + adenoma (1t) 30
6 44 F + — - = U | 1U s¢hyperplasia
7 32 F + + + - U | U sghyperplasia
3 19 F + + U | 1U \#hyperplasia
9 53 | M |+ | + U | 1U xhyperplasia
IU : increased uptake. NV : nonvisualization. *clinical diagnosis. + : masses. -- :no mass.
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A i CT shows a 3cm round mass in the left adrenal
gland (arrows). Surgical resection disclosed a

cortical adenoma.

; ARl
AR J.Z‘f%a-‘-‘i
B : Adrenal scintigram. Increased activity is de-

monstrated on the left, while no uptake is seen
on the right.

C : Left adrenal venograrn shows displacement of
adrenal veins around an adenoma.

Fig.7 Case 5. A 39 year-old female with Cushing’s syndrome.

TFHRAREY AT 5 BER 40 CH - . HiHE
Rie ki 5 RED K& i HAR 18mm 2532
mm THhovc. BRESH Tk CT xw3Fhbal
BolEmy i LBk, Jlo BiFgo B,
AS & E T35l cFE#E2mm (1.8mm, 2.2mam),
Zfe3.1mm, TCT CIXARIBIF153. Imm (3
mm, 3.2mm) CIEHEITOFHE LD hE i
» T\, US T 5 filvh 3 Bl [ER o et i

WL, 20 EMo b REvieiitsc &
BTEhot. BTy vF2735 7 4 TRefh
WRZEMIERR Y RIER 220, SHUlORIB I HEH
ShY, BHBARERcE L. RIERIREY
Tixafl, BIFHIROFRMEESE MBI
ETEELTH Y RO TE e (Fig. 7).
WY 4Blcix CT LRI \vFhd IFR
Oz LT\ BEIFOE XL TCT cHEL
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HAEFRHEMRESHE 8428 FL0B

C : Adrenal scintigram showing symmetrical increase
in uptake bilaterally.

Fig.8 Case 8. A 19 year-old female with Cushing’s syndrome.

o 3 fiEBI TIX 4RI T F#96.5mm  (6.3mm~6.8

mm), ZFEIEcFE8.9mm (6.8mm~10.1mm),

AS & E OEFIAREIT T 5.Tmm, EEIFE 6.8

mm Choiz. EWEIEDESOFEEE+20 L
EEELEETEE, SOIIAARIEOELR, 1

P HERIBOEAY S, ERIBEHSER EBROX
XX Thot. US i 24liciTy, 16 EHE

BoLZoFEATEHTER. BIBYyvy:757 4

Ti 461 & S FIEIRF ~ o RIHH R < B

O Wik Gl (Fig. 8). BIEHIRER 146iL
B fToTWiRb,

B EHRM7IVEXFAOE (Table 7)
FRHEET7 v F AT e VEERE Licd OARIEL
Bl LBHRD 1 I TH . WTFhd FHTTHES
TEH, BERO | AIRERIE O & ORI T
ol FHEARC T B REOA X 2 3HARL0
mm 7> 520mm FoC, @EHKIL8x11x12mm
DOREFHRIEE Th - 1. CT T IRED 106]H
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A : CT shows a right adrenal mass (arrows). Surgical
resection disclosed a cortical adenoma.

B : Anterior transverse scan showing a right adrenal
mass (open arrow).

: Right adrenal venogram demonstrates displaced
adrenal veins around an adenoma (arrows).

Fig.9 Case 11. A 49 year-old female with primary aldosteronism.

SO EEE R TE . US 12 9flhicfiv2 4l
OHEFERETEL. chbRWTFhI AT
DEBTHY, ZD 550 1 FIixEIOmm OFE
Thote. BIFYvF737 4 TiR106F 8 flic
RI oAb BALIERHcE Ly, &
10mm r #Z15mm OfRfE 2 #] Ti% RI 455 1k
BEN REM LR C& ik ot ZElSmm
O MEEC LT IH v s 257 4 b fT-1
, BllxiEfcE b o7, EIBBIRER T

EPhcEIREMEEOESE, RO RS ) @
OB TE I (Fig. 9, 10),

YR D 1 FIREIE > v -7 5 7 4 DR
BIE @ RI H£HHE < B & 2l Lichs, CT,
5 LLMMABEIRCRELREDLh o, Bk
FroutflogE#ek LT3, ERIFE
AR Lo cd ARIT O RRIE & 2t L.

C EIBfEEmES (Table 8)

R AIRaE 4 B, PREESFHIBONE 2 0], WREREIZF
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Table 7 Summary of patients with primary aldosteronism
| .
Case | or ‘ Us . Venography Final Maximum
number | 8¢ | Sex [ 1. [ | . diagnosis ize
| ‘ Rt | Lt | RT | Lt | Re | Lt | Re | Lt gno mizslan)
, | | - S
10 | 28 F - | + - | =] = 0| - + adenoma (It) | 18
_II 11 49 | F + s + | - - — + | - adenoma (rt) | 10
| 12 |38 | F | — | 4+ | = | =] = | TU| — | 4 | adenoma (It) | 20
18 |8 | F | - |+ | = | = — "= "= "+ ["adenoma () | 15
14 51 F + - + - | IU - + | = adenoma (rt) | 12
15 33 F + - 1U - + | - adenoma (rt) 12
16 | 55 F - | + = - - U | + adenoma (It) 20
[ 17 |57 | M| - | + | — | = | = 10| — | + | adenoma (1) 20
18 3 F — + - - - | 1U - + adenoma (1) 20
19 35 F = + - = - | IU - -+ adenoma (It) 16
20 26 F | - = - = IU | 1IU + hyperplasia | 12 (lt)
IU : increased uptake. - : masses. — :no mass.
Table 8 Summary of patients with adrenal medullary tumors
| : ! |
G CcT uUs RI ! Arteriogram. | Final Maxivnia
nymber | A8¢ | Sex [ | X diagnosis size (mm)
4 e | Lt | Re | Lt | Re | Lt | Re | Lt iagnos (i
21 32 M a5 = G e + = PC (rt) 50
22 33 M 55 = + - + = PC (rt) 65
23 46 F - + - + - | DU | - + PC (It) 60
24 25 F o = + = + = PC (rt) 40
25 1 I M1+ - | 4+ = [(DU| = | + | - NB () | 150
26 5 | M| + | — | + | - | + | - GNB (1t) [ 70
2 2 F - + - + | = + NB (It) | 110
DU : decreased uptake. PC : pheochromocytoma. NB : neuroblastoma. GNB : ganglioneuroblastoma.
-+ ! masses. — :no rass.
Table 9 Summary of patients with nonfunctioning adrenal tumors
Case Cr Us . ‘ Angio. Final Maximum
number | A8¢ | Sex : liagnosi size (mm)
Rt | Lt | Rt | Lt | Rt | Lt | Re | Le | diagnosis m
. | cortical
28 54 F i + ' B ! i e + J adenoma (1t) = 80
: 3 : cryptoc- .
B _ rhabdomyo- .
30 49 M 1 + + + NV | NV + + sarcoma (bil) 50% (1)
NV : nonvisualization.  bil : bilateral. *only left side tumor was removed. -f : masses. — :no mass.

MIRANE 1 6 Ot 76 TWTFhd FHiCHZ IR
fo. $EHHEEAR T oH G MEENE O B AR 1E40mm A
B65mm T, MFEZFAIREE C12110mm & 150mm,
TR ESEARAE T T0mm 0 BAR Th o 1o

CT, US, W& © 1k £0IE™% < % -
(Fig. 11). B> v+ 77 7 4 3B OMIE 1
B, RS AIGRE 1 Blost 2 BlicfT - TV 528,
241& L BAEEO RIFEHOE T2 L 8B
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A : CT shows a 15mam round mass in the left ad-
renal gland (arrows). Surgical resection reveal-
ed a cortical adenoma.
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PV o o R L S RN

B : Adrenal scintigram reveals increased uptake on
the left.

C : Left adrenal venogram shows displacement of
adrenal veins around an adenoma (arrows).

Fig. 10 Case 19. A 35 year-old female with primary aldosteronism.

gD 4 flcit, CT, US CEIBHEED
BrE oW 7o ny, PPRESEIRONE & AR e E o
SHPTIREENKE o tetcdd, FHEREZWIX
BhkofE L OBEINIHEETH - . BREE
TIREFGEIEBRL D KBS hTEY, BB
OEE DLW o i (Fig. 12),

D JEiEEMEIBIER (Table 9)

FMFiCHEL S hcKERE 2V 72 va A
iE, B AEO& 1 HITh - . FHERDK
X EEREC8mm, 7V 7 b2y b AL
RIS ©27Tmm, BEUHAEILERE ¢50mm o
BAGEY LT, CT, US, m&&E T3\
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3] sarz | D IAN: 131 M1
B : Anterior sagittal scan shows a solid mass above
the right kidney (K).

AARESRERE SR H5428 $105

!-a
;»

..” __

lf

C : Venous phase of aortography shcmng a faint

tumor stain above the right kidney.

Fig. 11 Case 21. A 32 year-old male with pheochromocytoma.

ThiEgErREcEi. B vFs/57,4T
EEMREIR I RIERE 25 h T2 0RE 2184
Tt~ (Fig. 13).

E ERHEREIEEE (Table 10)

FificHEZ S hic 2 6 & ik THER S iz 126
DFH4FI25HRETH B . CT TIr2RE (92%)
TRELLTHRETETC %, Table 11 XiEH

DHERBLILEIED CT LB XOHIE[ETHS.
10mm o gl xR b EEEEN T BB o
Zirouvic., BENCZioWicER4E 1
o EIE T, CT LS IUKEITRERE
Digh o te. BfREFL 2T T30, &
T s BEREE < L AmEAESe, 16
WEAIBCERLRS L0 THS (Fig. 14),
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A : CT demonstrates an abdominal rnass (arrows)
which is barely differentiated from the hepatic
tumor.

{ A7 AUG |86 1
C LOC REF |@7 '
¥ A
05 |PK Hﬁ-i
B : Anterior sagittal scan shows the mass (arrows) C : Renal arteriogram shows inferior displacement
above the right kidney (K), mimicking a hepa- of the renal artery. The inferior adrenal and

capsular arteries are dilated and stretched (ar-
rows). Fine neovascularity is also noted above
the kidney.

tic tumor.

Fig. 12 Case 26. A 5 year-old male with a ganglioneuroblastoma invading the right lobe of the liver.

Zz B WP LaL, JEEEO At AT

a EFEAT CT CRIBEAETE R L2348\, Al

BB NS Cixb 5, FAEL IR K, BEAKDTFAESBIFHH 2 Rk : x5, £
LB, CT X2 EREIHO RERIEL B EEmOR, KEHRONEHCH DI,
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HAREZRERESEE H42% El05

B : Transverse scan demonstrates an adrenal mass
(arrows) in the anterior aspect of the left kid-
ney (K).

C : Another transverse scan shows a mass (arrows) on
the right near the posterior aspect of the inferior
vena cava (V).

Fig. 13 Case 29. A 40 year-old male with cryptococcosis.

EHEEEIR & T CR B aEIR L 0 s
et bbb, ZOEs, ETo CT %k
T5LEIFLMEREDORFI DL & LA\,

S LI EMIRICRBRERF RS T e
X, &<IT bolus THET 5 & IMERE DES
BEZCRBZENDBY. BEIBFRHLEEEL X
EBMORAE LTIBEEOFER S L O BEOT)

EFic L % artifact THBH, AF 4 VIHOHE
CT EEDER S X OFGEER O 59T X b Ko
REBRETES. A%y vEHISH © CT #EiFic
X% EWEIBO BIBFII78%Y, 90% Lo s
DHBD, A¥xy VEE2HO CT & ik
REIFE99%, FERIFRefliEHishtws?, #
ZORTIL, 4.5~58AF 4 v T AHEIFIZ3
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Table 10 Summary of patients with metastatic tumors of the adrenal glands

CT Angio.
nS:lSI:Br Age | Sex = i - ¢ n Final diagnosis Diagnosis :;?:;ﬁg:liss o
31 60 M + + bil. meta. Ca. kidney autopsy
32 61 M + = rt. micrometa. Ca. colon autopsy I
33 58 M + + bil. meta. Ca. kidney autopsy
34 45 M = = 1t. micrometa. Ca. stomach autopsy
35 70 M + + + =+ bil. meta. Ca. kidney surgery
36 43 M + + bil. meta. Ca. lung autopsy
37 63 | F | + + bil. meta. Ca. lung autopsy i
38 57 M | + + bil. meta. seminoma autopsy
39 | 54 M + = + - rt. meta. Ca. kidney surgery
40 69 M o5 i bil. meta. Ca. rectum autopsy
41 66 M + + bil. meta. leukemia autopsy
42 36 F = + bil. micrometa. Ca. stomach autopsy
43 50 M + + bil. micrometa. lymphoma autopsy
44 46 F + + bil. meta. Ca. stomach autopsy

bil : bilateral. meta : metastasis. micrometa : microscopic metastasis. Ca : carcinoma.

-+ @ masses. — :no mass.
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= 535 CT g&@|ELTw5,
6 1 } BEOAE S, HAAOHBH DR CIIE
7 1 1 1% 93¢ £4538.0mm, 7#£56.8mm, 4T #553.7mm,
8 . 1 7255.Tmm, [E X3 5C 454.4mm, %5.5mm, 4
9 ' 2 #4.5mm, £5.2mm L& SH T3, CT
- 9 8 Lo WIEME L Mol LR A0 2 (50 KEET
total Iesligns les%gns Jg g ld: 0 'Smm 75‘ FD lmrn ﬂgj: g ‘ - & GDE:E &
*Thickness of the metastatically involved adr- LT, B ke d S CT THIfO s
ickness o statically involved adr ) Jpal I
enal glands on CT. EWABE T & I\ e DI O REME A 28 b &

AT L, FREIELTE, R XERIR
%, EEIBI9.5% iR EhTEsh, 2#A% DINE RN B BT, EEORKE X LD L

¥ VI L BRI PREL ST WS, Zhbo &< 7&% partial volume effect |z X % & B bh
MRID SBLUTOA+ » vEEHITHIIE, 3L 5. CT itk EIED K& FHll & LT,
ALDEFICERBEIFHHEAS EBbhs. mE, @ BSEWET S HELLBAYY, B
CT ko ElEo MiED E L, AF 4 VE N SATAAENlem L k¥, FhA*s v

lem LROHATHD FIBLMGEN —ELTAF 4 FOFRMEOBEI L H B, EHoEHLEL
vERWicd, —E L Ehvo k, & FHE D ONEBRTH B . O FH S HHEG
TR & MRS & oL TREBE, W O FIEMEE iz 5 L801/20H4 & 2T, 2inh
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A : CT shows a right renal tumor (G) and a right
adrenal mass (M). Surgical resection disclosed
a hypernephroma with metastasis to the right
adrenal gland.

i H
K A
- § 7
s -
1

B : Renal arteriogram following presurgical emboli-
zation demonstrates embolized renal arterial
branches. The inferior adrenal and capsular ar-
teries are dilated and supply the adrenal tumor.

Fig. 14 Case 39. A 54 year-old male with a right
adrenal tumor.
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