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A case of ACTH-independent bilateral macronodular adrenal hyperplasia

with response to stimulation of vasopressin

Jae Pil Han, M.D., Hyun Cheol Koo, M.D., Ick Keun Kim, M.D., In Il Park, M.D.,
Hyun Hee Choi, M.D., Seong Jin Lee, M.D. and Moon Gi Choi, M.D.

Department of Internal Medicine, College of Medicine, Hallym University,
Chuncheon, Korea

Macronodular adrernal hyperplasia (MAH) is an extremely rare cause of ACTH-independent
Cushing syndrome, in which cortisol secretion is autonomous and plasma ACTH level is persistently
suppressed. The pathogenesis of MAH is not clear but recent studies suggest that cortisol secretion
may be mediated by expression of ectopic or aberrant receptors for gastric inhibitory polypeptide,
vasopressin, B-adrenergic agonist or serotonin. The conventional treatment is bilateral adrenalec-
tomy followed by concomittent glucocorticoid and mineralocorticoid replacement therapy. We report
a fifty—seven year—old man presenting with generalized weakness, weight gain and hematochezia.
The endocrinological and radiological findings revealed ACTH-independent MAH, in which plasma
cortisol level was abruptly elevated by administration of vasopressin 10 IU. Because he had severe
dilated cardiomyopathy, we only prescribed high dose ketoconazole (1,200 mg/day) which suppresses
biosynthesis and secretion of cortisol, and thereafter twenty—four hours urinary free cortisol level was
dramatically decreased. In summary, these results strongly suggest that aberrant expression of
vasopressin receptor may be associated with the pathophysiology of MAH.(Korean ] Med

69:5867-S872, 2005)
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AAAR FA9d FAFS FAgEATs2E oS A4 BRE B QM 27 ek ke
H O EA FATFT A F 1% vwks AA 8= bl Atk FH AHA AvtEe EAs e AR
T =i d3tor RAAASssEEY oA W AH UL, SFFS GolArh B FZA] kot v
&o] el 2713 tEe] FAlvde] 54 24 o & gllen 3= wAXA &g HELS 9
A HdE 540 gt A o} A 7kA] g st Ak AR E] e FES gldlon JRE gfowA |
A Fot FAlu o)A o]aAd e HAYH R o] £o] ATk ANAHTA HArfelA o] Fae #EH
& 5l= gastric inhibitory polypeptide (GIP), H}Z~Z A kokrh
2, Bretedldd ASA, AlREY, GAZEE §R AR =7 - g BA] AlE ExE ALl A
A ié% Soll tigh $8AE50] wefte] By & 8300/mm’ (557 69.8%, HEZT 21.3%, Tl
o] AV meEk AALAY EAAE FAZNA & 6.4%, TFT 1.7%, T4 0.8%), A 124 g/dL, &
22 FEAEY T o5 VrEA] HESFeof 3l 23} 260,000/mm’0| $ek. 3 A DAANA sodium

Eatal AAZA el B AEA

A 141 mEq/L, potassium 4.4 mEq/L, chloride 106 mEq/L,
7

o
NI A FAZE 54 F BEE AFAALE DG total COz 23.7 mEg/Lol2low] &4 Asletzialo A %
9= Jdo] Eabak AA e} S (FEA) 121 mg/dL, 24 89 me/dL, <1 4.1 mg/dL,

AAEL ARt AT SIHE Ehse Al 2486 rng/dL AR AL 220 mg/dL, A otEA

who- MA AN, EE2EAL 1.3 mg/dl, ¥ FdZHE 129 me/dL, S8AY 176

ArFel A vz il & AgAadyd #1938 F4 mg/dL, LD E=AE ZE2HE 26 mg/dl, AEEA
o7 gy o] AEIUYE Fo] $ 59 FHE 4 ) Z ~HE 67.8 mg/dL, 9 6.8 mg/dL, &5
A7l 3z 37 ol Kildhs Hpo|tt 4.0 mg/dL, AST 14 IU/L, ALT 18 TU/L, ¥ 2531l
05 mg/dL, ZAtE5FAa4 433 TU/L, 83 A5 305
s A mOsm/kg, &5 5% 337 mOsm/kgol itk & 8-
g A : oo, A 574 HArt A ZZEFR] AIZF349 INR, B4 FEEFRE
F A AAHERT AT TUHE Se @ g2l AJZE 485% (9 24~38)01 Atk 27 At
BEH Y 5d MFH 2, BEUE T, 4 A HE 1,020, el oA, X 24, AE 24, 4

S o

ot AlF &3 many/HPF, ®1& 3 10~25/HPF, nitrite 273 °]$1
2ol &3} o} FEA G AE 67%0190 2™ C-peptide= 7.8

AAP A tg-g-Fo] WA &FHA = 4 21} SERHAM &=  FF FEES 24 84 239 1
E Algatglon 313 oA FAFFo] o4l H o g/dL, % 44] 19.2 pg/dLollom 5 FAladxt=
o EHAE AdE A TEEE 274 84 1.7 pg/mL, 2% 4A] 0.7 pg/mLel 3L
AAY U 9d d ndg s el 31, 24X7F 29 frE] 7E)E 323 pg/day (AAHHES): 20~
% dugstAlel AFIIANAE FAst Ao 90), 17-ketosteroid (17-KS) 2.9 mg/day (%3<]: 10~
el 33 A A A5 AAls o] wAsle] kg 25), 17-hydroxycorticosteroid (17-OHCS) 11.8 mg/day
IAE E-&3tal ST (29 3~10)°1%1tk T3 63.1 ng/dL (44H$): 5
7HEE - Yol 1Y, @=, AdH Hdsow 9~174), T4 746 pg/dL (B349): 45~12), TSH 0.41
A5 T 9d W HEEE AMEEach wU/mL (A4 0.38~4.7), #lld &A% 0.7 ng/mL

AT, /hr (7747191 0.84~1.36), ¢E=2~HE 136.3 pg/mL (3

MAAHA 24 L A A 166 cm, AS 77 ke, g9 50~194), A 2EFH S 233 pg/mL (S
A BA 4 279 kg/mol e g} 140/80 mmilg, ™ 50~150), Z2A2HE 068 ng/mL (B9 25~
W 703]/%, S8 203]/%, A 36T, o4 281), HIZEZHE 1.0 ng/mL (F39]: 22~80), =
TR T HAS BAeH ohuga, et 7 229 118 ng/mL (F3H 9 250 °lsh), FAe=
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Table 1. Plasma cortisol responses to the tests performed to detect the presence of abrerrant membrane

hormone receptors

Plasma cortisol

Peak plasma Peak value as a

Test at baseline (ng/dL) cortisol (ng/dL) percentage of baseline value (100%)
Vasopressin 10 [U 22.6 57.8 256
Upright posture 22.8 235 103
GnRH 100 ug 269 29.6 110
TRH 400 ng 23.0 23.4 102

GnRH, gonadotropin releasing hormone; TRH, thyrotropin releasing hormone.

32 mIU/mL (g4 %4 0.7~12), oqix} se® 54
miU/mL (22 08~13.9)°] )k 4 O] o
A= o] Alagh skt ‘iV\} |} °4Xﬂ74/\]-oﬂ}q ) A}
B+ 1 mg 59 & 8% FEES 21 pg/dlelier
gr“é]%—jril% 875}7] 9lste] Alalar A&k EaluEl
&2 16 pg/dL, 24413 &9
ng/dayol 1L, 182 Al ElE
AAE Al f’fﬂék%i% u EF FEEL 18 pg/dL, 24
%2 172 pg/day = A E A &%k

SAE 1) vkl o EA o
B2 g3y Y5t utAZHA AFHAE A 33
o} T8 Aol viaZ Al 10 TUSE 2554187 4

[
9 FARE 308, 60R, 00K, 1204 § SHa 2l

SEE X=2ZHA}
= 3o]

AAGTE2E T2 2474 01 pg/mL, 0.3 pg/mL, 05
pg/mL, 0.6 pg/mL, 0.1 pg/mLZ A% o] YA Wk

FEE FEE Z2H7F 226 pg/dl, 432 pg/dL, 578 n
g/dL, 529 pg/dL, 22.9 ug/dLi F7hkan B-ot=
dddl 8 A=A FASFFS ] Yty
7N HHLAAE A o} FR=N iﬁ el A 2417 FoF

s AR H 71”sy] A 2 71H3 F 30, 602, 0

1207 FJEE 55 A 3]‘ 3& W Zbzk 22.8 pg/dL,
22.1 pg/dL, 221 pg/dL ng/dL, 235 pg/dL=
W7t ik A X}—jg —EH]E #(gonadotropin

realesing hormone, GnRH) 100 pgs F43 & g5
IEE FEE A A3 714 269 pg/dL, 30% 29.6
ng/dL, 60+ 276 upg/dL, 90+ 259 pg/dL, 120+ 24.7
pg/dLellon I dR= 5 28281 & 2 (thyrotropin
releasing hormone, TRH) 400 pg2 $o3 ¥ =43
FAEE FEE 714 230 pg/dl, 30% 23.3 ug/dL, 60
T 214 pg/dL, 903 234 pg/dL, 1204 229 pg/dL=

Figure 1. Abdominal computed tomography shows
nodular enlargement of both adrenal glands.

S, 2 Sl A8ge
2 A=73 AH(mixed meal test)S ] 3}
W &3A ARAe] o3t sleA H
A

UHT'E_LO‘] 7]—13]%0]_!{]_ X}E{_@/\]"g]'

|
2] Bl o
cisapride®] vl

cisapride AFFAAME
uuwa/\p A7

= A71EH ‘é%ﬁ"“ﬂ A Ho] W HolA] ekth

@
A
;
%
o
e
>
:3
5

4o o

.Ul
© o] A] JJ/““ TEH&S BRolRer =
ZA] 57 mm, 01 =

i

Lot x4 i
b
%o
N
_\'-J_

of{ ri

4=
oX,

—S 869 —



— gt tatE A

o
O

=

EIUES 1,200 mg/day &HO2
2704 5 S 2443
ng/day, 189 pg/day=
¥l Hdskda, A
gom EuF Faelol

A )
2

o H
foH o

i3

fo

iy
M o
1
o|\
rlo

©
S
L

32
rir
o
4z
2

a

rie
ofy
-
X
=
=
o
4
Y

4
fol 12
[
A rl
lo
12
w2
ox, 1o
K
e 2 M

o2
ox
i
=

T T
ﬂ]io _llm lo, =

o
Y
o~
B
of\
N
-

= ol
E>

oz T
o
ol
ok
s
o 1
i
ol e o 2L Ay

>

2

rO

E

=2
SN

3

2

M

2]

N -
o dE

-
o,
of

oft
o
s
1t

X

i

o

e

o 2 2
o jﬂ Y
N 2 (o
w2

)
32
N

=)
fl

2

o Op X
o

[0 & op

wERE oA

=4

i
O
—

Abel]

Pt
ha

>
)
=
b

o 2 w8 off mu rfu 2 Hr v ot b oY 12 (3 > o & Q o > M Rl oo N o & ooy

B

_‘>~
=

o2

X
iu)

olN
>

i
i ox 9%

i)
rol

1:
o :ﬁ

oo X o> e e
>
oz oy

L
i)
ol
o
X
£
o
=2
e 3

i

o {0 md

ofl
>,
&

o 48A2 Wl meol
o4 FHE oz
o vehde] wad
g A Aol

gLk

o ﬂ]g
[0 o
ol

ol

£

kv

Q
)
o

oX

© Al69

"y

4

p

oy}
et ol ol WA 2 7}
slek, A, P DA o]
sk GIP, vz, A2E

28 AgEYNAT

N
N
N
il

e
=

fr

U

]

%w
o
m
1-0{1

¢

£ 1t
o,

Z]

i
so |
oo rf
of ° o
9

r
M
=
SN

N
)
>

.

4 ol T 1R

oft i

f
)
L
o
K
L
:
>

Auj
k1
N
¥, @
o
dlo
1
X
j)_Q
=
fy
o
oy
g H ooy
L

o oX off rlo

A
=2

ol
N
N
ol
E
32
go My W
o,
X

=z
1;41 i

>

=
2 o
rt
i
=

o
e
2
o
zor

By
T

o
[t
o
il
o

>

o
ox

ol
R )

T o YR
=
lo o\ of

1o
N
N
of\
SN
N
ol
ol
> rr
o
=)
ox

el
o N 2
r> ol
o
fr
[o
AN
o iy
£ o

£
o
i)
ol\
1
o -5
> 4
Ho
=2

¢

%
N

o= do ®©

)

Mr ooy ox [
R
o,

2L
1
ol
-
rr

I

_0|L
32
ooy %

I

L)

GIP7

_,4
f
fuj

¢

e
e

o

7 K
0,

o

=

o
z

o

b
to
o
)

[
¥
2 1>
_0|L
32
o
o

z by 1
o2
=

o lo fm
QL
X
N
N,
L
>,
ol
N
&
i
o 2 mu rr o 2 om > 1o o) my

© % Jo o [o AL
12
ofy
N
)
N
)
rlo

st
go M

ol
o
X
o o
< |

o A5 Tz el
FEA(VI-AVPR) S} A=
EJ(5-hydroxytryptamine, 5-HT) &7} %3}
At o] glgol dA AP vpazeal oE
d AdAEAY B9 FAFNA vha 4l FoA
FEE Bu7F wgdH oz Frtshe 712 of kA
SdatA] o Balu oA e A8 FEte]
E(bioactive peptide)”} Z2+-&(paracrine action)& 7}

S0l AN E AL QTP B 2o A] upiaze A 227

ARl 5 B9 AAS 2R vt A ®EA &
oA dE ZEE R 20 o) 43 SUke
27AL vzl g gELE AR FHe
thar skt F B SEvF akAaZ Al ook AR
Edo oj&E4d 715A4S 11835t cisapride A=A
=2 ANgstdn sty cisapride’t A #A FzHg
el AmjgAEe] o]& AldskA] Rtttk

Tl Eol e ANAAY FANE T R
Ao Hadd gotEddd FEA] 48S F
3 ZEE BHE SN0 maEo] AP, 53] 7}
Bl Zolvle] S S gl ARE, oF B0 /9, 2~
ez, A 5o 4% FANAATE2E SRl
Fa mEEo] FrhEulEy poolsddY AgA



A 9] 69 :

e

— o

goH AT RN E TR N RN RS BT TR NS L EETYT A5 gy
0 T oNr o~ — S < < I = A
0 o v 03 ) T S S T R N
BT urmedrrd¥l s w L 33888 £80y
LEE o W= Ao W o) R . g Mo {5 S O
i N s 1] I v B ~ Y <) ) gdm asi
o e m N Re gy WO g 4w o G R EanSEES L. ¥S
Wod o ® e oy PWT R wp I % Kl £238:° E73
> S Lo P, b o E.CE58 3
ERT BT D or @ T ERDHE w B S5 8T~ 2gdE
BN g o w X B e T Wy U o Noopy N now m -S=28g, &5
a@@%w‘ﬂ%%ﬂﬁwﬁe_wﬂbr of %gwmwi = m T8 g% s B
— o ' 3 N N = o Q P~
R OB o ol o odo o S = — T m 2_8S8csx D58
%%%ﬂh%%%?ﬂ%ﬂﬂm%%m Hﬁﬂ%w W RWMHM@.W_MHOMW
— ) 10 jac] f
e Adrnﬂ_oﬂﬂd.ufmu (Y S on_w,ﬁu | o [ o885 5E583
T RZT Rl s 80 xEET T F2 00T wr @ TEEL SEC5Iwsi
W o= o 2 2 S oo WP 5 o Mo N 2B 2.8 :
%%ﬂq_owéoﬂiﬂﬂﬁﬂﬁ%mo»ﬁ% g2 e <o 4 RmmmnthmMSS.ﬂ
oo ™ O W ook A~ — 5 A= = — ol ® H - s = 8 S35 & 2!
G R S O e - A A Thwuwew L7 ST 2858856 §R
TEY R R e PR LBy % Vg m w c=EHESEES S 3
Woam g dmy gl B sy T ) - N o o%egET
L I Il R B B O wE & W EZES§§823:%¢
RGO i I B S ST mmhwmwmmmaw
AT WE LIy g 2y Ropxom T b
BT W e oW e ® W oo BoW o o B Ko - B
TR ooy TR BR OWIHTHEITT T T ETTETFNT TP
No W % 0 To ,ﬂmﬂmwr%_zﬂ%.%armn%ﬂh%ﬂ %ﬂ%.mﬂni&%%ﬂ@%@ o
TR RO Ly B Py oy B RS B ST RO o
SR = S - T - e B T e~ e - I R T
mmu%@u%@Mog_z%wgg%wm,gimmﬂ%ﬂoxﬁayog%w.gﬁrmﬂmmzw i
& o= T W T o= PBoos ol N SR oAr N oy T PNF T T "o
SRS R T TS e B N SR SR SR R S
A I I - TR TR R . L T e TR
TR e L R oo B e B e v A ROl o M
X o B o*7%2_ <A of W E B B I S = w T oA = "
il A N oy T W= w < X wmE Bo I W omo W =
i A = 4 K B < A bt L T — —_
R o U - S SN B - ST S SN E LR R
T ooy TN MR B S o oo o Ny M ) W = ogr B Njo
z o el = RO o T o e BT e T ooy KX o ® S K =T
e TE e owE B oo PR < g J ok oy =R om e D B ® o T e Mo . 3
W%ﬂu.lmhj%&%%%@ﬂ%%%%@aﬂ%%%%%W%?ﬁﬁé@#@ﬂwﬁ%
HT Eoﬂo_‘:ﬂmix n.ty ;o.ﬂo N JLﬁTcéuAlﬂZﬂ]]ﬁ_Alotﬂlmﬂ@lﬂmlﬂaﬂ‘lloZ\w zo‘lOf ‘mw‘_ﬂnﬂ,ﬂli‘_ﬂmcﬂoﬁﬂe
%owautﬂm@@ﬂe_ﬂﬂmxulﬂa@a%mﬁztuﬁﬂewxﬂkﬂlﬂnmﬂﬂwﬁﬁodomﬂiﬂDm T K D
CRRCE o ol =) =y s BRI e X N I 0w ~ =
w N B 95 — © o ap = o oy o oy o i S < —
X .odr = 3 - =T o= - ls Njo - m ., X o —_ N o+
ﬁ;mﬂ%adr#ﬂﬂiﬂa_idrivﬁﬂﬂ%uTu%J%%%odow_. B N T 5 oo
— ) LR - 53 ~ = _— !
plErpguil Sdergrella st franyl UTaz T it memy
TR BT oo L C- GGy g e ™ W oo BN ~ xS g AT o
T - T R e M R = ony o T oo M R
Lt e - Al U B R S B O o e
i o X = ~ _ — — — ] o T ~ — ) — N —_
X 4 d TN T X O X g N0 X o) N <7 e X TR ol = N
oA R M e M o %o N el W BN T ﬂﬂﬂﬂw%% WoA- T Uk TR T B OR AT OB W

Deng LY,
response  to

Touyz RM,
vascular

Tremblay J,
and

Lariviere R, Cusson JR, Schiffirin EL, Hamet P.
adrenal

tical hyperplasia. Clin Endocrinol 60:192-200, 2004

3) Lacroix A,

Abnormal

—S 871



— gt tatE A

vasopressin mediated by a VI1-vassopressin receptor
in a patient with adrenocorticotropin independent
macronodular adrenal hyperplasia, Cushing’s synd-
rome and orthostatic hypotension. J Clin Endocrinol
Metab 82:2414-2422, 1997

4) Lacroix A, Bolte E, Tremblay J, Dupre ], Poitras P,
Fournier H, Garon ], Garrel D, Bayard F, Taillefer R.
Gastric inhibitory polypeptide dependent cortisol
hypersecretion’ a new cause of Cushing’s syndrome.
N Engl J Med 327:974-980, 1992

5) Lacroix A, N'Diaye N, Mircescus H, Hamet P,
Tremblay J. Abnormal expression and function of
hormone receptors in adrenal Cushing’s syndrome.
Endocr Res 24:535-843, 1998

6) Adx, AdAg), olfn|, A4, FHES, AHe, A
g, oldH, s, d5A. AVP ASFHA FA S
A AYAdd FA9d FA5 digdliEn] ks
17:603-609, 2002

7) Mellinger RC, Smith RW ]Jr. Studies of the adrenal
hyperfunction in 2 patients with atypical Cushing’s
syndrome. J Clin Endocrinol Metab 16:350-366, 1956

8) Minami S, Sugihara H, Sato ], Tatsukuchi A,
Sugisaki Y, Sasano H, Wakabayashi 1. ACTH inde-
pendent Cushing’s syndrome occurring in siblings.
Clin Endocrinol 44:483-488, 1996

9) Hamet P, Larochelle P, Franks D], Cartier P, Bolte E.
Cushing’s syndrome with food-dependent periodic
hormonogenesis. Clin Invest Med 10:530-533, 1987

10) Mannelli M, Ferruzzi P, Luciani P, Crescioli C, Buci
L, Corona G, Serio M, Peri A. Cushing’s syndrome in

2L on

a patient with bilateral macronodular adrenal
hyperplasia responding to cisapride: an in vivo and
in vitro study. J Clin Endocrinol Metab 88:4616—
4622, 2003

11) Lacroix A, Tremblay J, Rousseau G, Bouvier M,
Hamet P. Propranolol therapy for ectopic beta-
adrenergic receptors in adrenal Cushing’s syndrome.
N Engl J Med 337:1429-1434, 1997

12) Miyamura N, Tsutsumi A, Senokuchi H, Nakamaru
K, Kawashima J, Sakai K, Taguchi T, Tokunaga H,
Nishida K, Uehara M, Sakakida M, Araki E. A case
of ACTH-independent nmacronodular adrenal hyperpl—
asia’ simultaneous exprepression of several aberrant
hormone receptors in the adrenal gland. Endocr J

cAl69E =33 2006 —

50:333-340, 2003

13) Lefebvre H, Duparc C, Chartrel N, Jegou S, Pellerin
A, Laquerriere A, Ivell R, Vaudry H, Kuhn JM.
Intraadrenal adrenocorticotropin production in a case
o bilateral macronodular adrenal hyperplasia casusing
Cushing’s syndrome. J Clin Endocrinol Metab
88:3035-3042, 2003

14) Lamberts SW, Bons EG, Bruining HA. Different
sensitivity to adrenocorticotropin of dispersed
adrenocortical cells from patients with Cushing’s
disease with macronodular and diffuse adrenal
hyperplasia. J Clin Endocrinol Metab 58:1106-1110,
1984

15) Young WF Jr, Carney JA, Musa BU, Wulffraat NM,
Lens JW, Drexhafe HA. Familial Cushing’s
syndrome due to primary pigmented nodular
adrenocortical disease’ re-investigation 50 years
later. N Engl J Med 321:1659-1664, 1989

16) Fragoso MC, Domenice S, Latronico A, Martin RM,
Pereira MA, Zerbini MC, Lucon AM, Mendonca BB.
Cushing’s syndrome secondary to adrenocorticotropin—
independent macronodular adrenocortical hyperplasia
due to activating mutations of GNASI gene. J Clin
Endocrinol Metab 88:2147-2151, 2003

17) Doppman JL, Chrousos GP, Papanicolaou DA,
Stratakis CA, Alexander HR, Nieman LK. Adrenocor-
ticotropin independent macronodular adrenal hyper—
plasia: an uncommon cause of primary adrenal
hypercortisolism. Radiology 216:797-802, 2000

18) Aiba M, Hirayama A, Iri H, Ito Y, Fujimoto Y,
Mabuchi G, Murai M, Tazaki H, Maruyama H, Saruta
T, Suda T, Demura H. Adrenocorticotropic hormone
independent bilateral adrenocortical macronodular
adrenal hyperplasia as a distinct subtype of Cushing’s
syndrome. Am J Clin Pathol 96:334-340, 1991

19) Muramaki M, Okada H, Sakai Y, Gotoh A, Fujisawa
M, Kamidono S, Kawabata G. Adrenocorticotropin-
independent macronodular adrenal hyperplasia treated
by simultaneous bilateral laparoscopic adrenalectomy.
Int J Urol 10:449-452, 2003

20) Lacroix A, Hamet P, Boutin JM. Leuprolide acetate
therapy in luteinizing hormone: dependent Cushing’s
syndrome. N Engl J Med 341:1577-1581, 1999

-S 872 —



