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Abstract

To identify the location of pancreatic endocrine tumors, arterial stimulation and venous sampling (ASVS)
is known to be useful for insulinoma and gastrinoma, but its usefulness for glucagonoma has not been veri-
fied to date. Here we report a case of glucagonoma that was diagnosed by ASVS with calcium loading, in
which an approximately 6-fold increase of glucagon was observed in the splenic artery territory. MEN1 gene
analysis verified the presence of a mutation and the glucagonoma was confirimed after operation. In conclu-
sion, ASVS could be useful for the diagnosis of glucagonoma.
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Introduction

Multiple endocrine neoplasia type 1 (MEN1) is a multiple
endocrine neoplasia complex in which hyperparathyroidism
caused by parathyroid hyperplasia is associated with pancre-
atic endocrine tumors and pituitary adenomas. The causative
gene is MEN/, which exhibits an autosomal dominant pat-
tern of inheritance. Pancreatic endocrine tumors are found in
approximately 65-75% of MENI patients (1). Regarding
pancreatic endocrine tumors, pancreatic polypeptide (PP)-
secreting tumors are the most common pancreatic endocrine
tumor in MENI patients, occurring in 80% or more. They
are usually accompanied by gastrinoma, while insulinoma,
glucagonoma, and VIPoma are found in approximately 20%,
3%, and 1%, respectively (2). Among the pancreatic endo-
crine tumors that occur in MEN1 patients, glucagonoma is
most often malignant and thus it requires early detection and
early treatment,

However, locating these tumors is not always easy. Ultra-
sound, CT, and MRI are the commonly used diagnostic
imaging methods for pancreatic endocrine tumors, while an-
giography is considered the most effective method (although
more invasive) for detecting such tumors since these lesions
are frequently hypervascular (3). Arterial stimulation and ve-
nous sampling (ASVS) is known to be useful for localizing
insulinoma and gastrinoma, with a high detection sensitivity
for insulinoma being reported (4-8), but its usefulness for
detecting glucagonoma has not been determined. Here, we
report a case of MENI in which glucagonoma was located
by ASVS with calcium loading.

Case Report

The patient was a 66-year-old woman with no family his-
tory of endocrine tumors. She noticed a swelling in the right
anterior cervical region at the age of 38 years, but left it un-
treated. At the age of 52, hypercalcemia, hypophosphatemia,

'Department of Metabolic Medicine, Graduate School of Medicine, Osaka University, Suita, “Department of Pathology, Graduate School of
Medicine, Osaka University, Suita, 'Department of Radiology, Graduate School of Medicine, Osaka University. Suita, 'Department of Surgery,
Osaka National Hospital, Osaka, *Department of Breast and Endocrine Surgery, Graduate School of Medicine, Osaka University, Suita and “De-
partment of Internal Medicine, Division of Diabetes and Metabolism, Hyogo College of Medicine, Nishinomiya

Received for publication September 8, 2008; Accepted for publication March 13, 2009

Correspondence to Dr. Yukiyoshi Okauchi, okauchi @imed2.med.osaka-u.ac.jp

1025

—103—



Inter Med 48: 1025-1030, 2009 DOT: 10.216%/internalmedicine.48.1676

Table 1. Laboratory Tests on Admission

RBC 431 x 10t /L Cr 1.2 mg/dl
Hb 138 g/dL BUN 26 mg/dl.
wBC 6300 /uL UA 3.7 mg/dl
Plt 187 x 107 /ul Na L mEg/L
FPG 107 mg/dl. K 41 mEy/L
HbATe 6.6 Y% Cl 1i2 mEy/lL
IR1 20 puimi Ca S2mEg/d
CPR 5.5 ng/mL P 2.4 mEg/L
T-chol 202 mg/dL CRP <(r.2 me/dl.
G 191 mg/dL.

HDL-C 80 me/dlL Urinalysis

LDL-C 163.8 mg/dL pH 7.0
™ 6.0 g/dL Protein (+/-)
Alb 39 ¢o/dL Sugar [
T-Bil 0.4 me/dL Oceult ()
AST 13U/L Acetone (-)
ALT o U/L Cer 29.9 mL/min
v-GTP 2 UL Alb 29.6 mg/day
ALP IR U/L CPR 137.7 pg/day
L.DH 248 UL

and high plasma PTH levels were detected by a local clinic,
and the patient visited our hospital the following year. Hy-
perparathyroidism was detected and subtotal parathyroidec-
tomy (leaving 1/2 of the upper left gland) was performed.
At that time, MEN1 was suspected. Endocrinology investi-
gations and imaging studies were performed, but no addi-
tional abnormality was found, except for PTH levels. After
surgery, her Ca and PTH levels decreased, and the patient
was discharged. From the age of 54 years, the patient began
to experience backache and bone pain, and her Ca and PTH
levels became slightly elevated. At the age of 58, the 75 g
OGTT was performed when the patient was admitted for in-
vestigation of her back pain, and it demonstrated a diabetic
pattern. Her bone pain continued to worsen, and the patient
was followed up by a local clinic. When the patient revisited
our hospital at the age of 66 years, ultrasound revealed a
10x8x4 mm low echoic lesion in the dorsal part of the left
lobe of the thyroid gland, and a high-intensity area was also
seen on T2-weighted MR images. Blood tests revealed the
following abnormal findings: Ca was 5.2 mEg/L, P was 2.6
mEq/L, and PTH was 99.0 pg/mL. The patient was admitted
to our hospital in the same year for investigation and treat-
ment.

She was 153 cm tall and weighed 52.8 kg. Blood pressure
was 118/60 mmHg. Physical examination revealed degrada-
tion of vibratory sensation of inferior limbs and numbness
of upper and lower limbs. She had high Ca and PTH levels,
a low P level, and impaired renal function (Table 1). “mTe-
MIBI scintigraphy revealed an area of increased uptake in
the parathyroid behind the left lobe of the thyroid gland.
Since her serum levels of Ca and PTH were persistently ele-
vated and renal dysfunction was observed, we considered a
good indication for surgery. Endocrine studies (Table 2) re-
vealed elevation of pancreatic endocrine hormones and ab-
dominal imaging showed nodules (5 mm and 25 mm in di-
ameter) in the tail of the pancreas. suggesting the presence

of pancreatic islet tumors (Fig. 1). Treatment of her hyper-
parathyroidism was given priority, and the patient was trans-
ferred to the Department of Endocrine Surgery for removal
of the remaining parathyroid gland. Pathologic examination
of the resected gland revealed hyperplasia, but no obvious
malignancy. The PTH level was 157.5 pg/mL prior to sur-
gery, and it fell to 55.1 pg/mL at 15 minutes after removal
of the gland. The resected parathyroid gland measured 10x9
mm. Part of the gland was autotransplanted into the left
forearm after it had been cut into small pieces. Her serum
calcium level improved to 4.8 mEq/L after surgery. The pa-
tient was subsequently transferred to our department for fur-
ther testing because MEN1 was suspected.

Plain MRI of the head did not reveal any findings sugges-
tive of pituitary adenoma. Although the basal level of GH
was high, the 75 g OGTT caused inhibition of GH secre-
tion, ruling out the possibility of GHoma. Plain CT of the
abdomen revealed a low-density mass (5 mm in diameter) in
the right adrenal gland, suggesting the presence of an ade-
noma. Adrenocortical and adrenomedullary hormones study
showed elevated renin and aldosterone levels, but the serum
and urinary levels of cortisol, adrenalin, and noradrenalin
were all within the normal range or only slightly elevated.
Combined with the fact that suppression of cortisol was
noted in the rapid dexamethasone suppression test, the mass
was concluded to be a non-functioning adrenal tumor. Her
pancreatic endocrine tumor was initially suspected to be an
insulinoma based on the elevated levels of IRI and CPR.
When a CPR suppression test and euglycemic/hypoglycemic
clamp tests were performed, suppression of CPR was insuf-
ficient. Then we planned ASVS to make a diagnosis and lo-
calize the insulinoma. In addition, because our institution
had made diagnosis for glucagonoma using ASVS before
(9), we planned to rule out the possibility of glucogonoma.
ASVS was performed according to procedures described
previously (4), and we used the criteria reported by Hayashi
et al (10). We used Calcicol® (Dainippon-Sumitomo Co.
Ltd., Osaka. Japan) in this case as the calcium gluconate
8.5%. Calcicol® was injected as a bolus at a dose of 0.025
mEq Ca™/kg body weight into each selective catheterized ar-
tery. When ASVS was performed. a selective increase of in-
sulin was not detected, but an approximately 6-fold increase
of glucagon was observed in the splenic artery territory,
strongly suggesting the presence of a glucagonoma (Fig. 2).
Thus, diagnostic imaging revealed multiple tumors in the
pancreas ranging from 5 to 25 mm in diameter, and there
was elevation of the basal levels of insulin, glucagon, so-
matostatin, and pancreatic polypeptide (PP). In addition,
ASVS demonstrated elevation of glucagon in the splenic ar-
tery territory, which includes the tail of the pancreas. Based
on these findings, a diagnosis of glucagonoma was sus-
pected and laparoscopic distal pancreatectomy was per-
formed. The resected tail of the pancreas contained tumors
measuring 5 mm and 20 mm in diameter, corresponding to
the lesions identified by imaging studies (Fig. 3). Partial he-
patectomy was also performed because white nodules, sev-
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Table 2. Hormonal Examinations of the Present Patient

on admission

post operation

post Op 6 months normal range

GH 6.3 ng'mL 3.7 ng/mL < 6.0 ng/mL
1GF-1 414 ng'mL 121-436 ng/ml.
ACTH 38.0 pg'mL 29 pg/mL < 60 pg/mL
PRL 16.9 ngmlL 12.0 ng/mL < 27 nghml.
LH 22.3 miU/mL 39.4 miU/mL 4.2-79.6 miU/mL
FSH 84.3 mlU/mL 112.6 milaml 12.6-235.7 miU/mL
TSH 2.84 plli/mL 4.38 ulUmL 0.40-3.80 plU/mlL
FT4 1.1 ng/dL. 1.0 ng'dL 1.0-1.6 ng/dL
FT3 2.2 pg'mbL 2.4 pg/mL 2.1-3.8 pg’'mL
PTH 113 pg/imL 62 pgiml 111 pg/mL 14-66 pgimL
calcitonin 77.0 pg/ml 42 pg/mL 21.6-54.0 pg/mL
[R-glucagon 271 pg/ml 194 pg/mlL 214 pg/mL 40-140 pg/mb
FPG 107 mg/dl. 10 mg/dl. 140 mg'dL 70-110 mg/dL
IRI 20 pUmL 10 pUsmL 6 uU/mL <12 uU/mL
CPR 5.5ng'mL 3.0 ng/mL 2.4 ng'mb 1.0-2.0 ng/mL
PP 847 pg/mL < 326 pg/mL
gastrin - 93.0 pg'mL 30-150 pg/mL
somatostatin 18.0 pg/mlL. 1.0-12.0 pg/mL
cottisol 25.2 pgidL 14.9 ngrdlL 4.5-24.0 pg/dL
urinary cortisol 20,1 pg'day 35-160 pg/day
renin activity 4.2 ng/mL/hr 12,1 ng/mL/hr 0.2-2.7 ng/ml./br
aldosterone 19.7 ng/dLL 12,1 ng’dL 2.0-13.0 ng/dl
adrenaline 0.02 ng/imb 0.02 ng/mL < 0.17 ng/mL
noradorenaline 0.35 ng’'mL 0.38 ng/mL 0.15-0.52 ng/'mL

Figure 1.

Abdominal MR imaging showed nodules in the
pancreas (diameter 5 mm in body [center arrowhead], 25
mm in tail [end arrowhead)), suggesting the presence of pan-
creatic islet tumors.

eral millimeters in size, were found on the surface of the
left lobe of the liver during surgery. The resected pancreatic
tumors were determined to be islet cell tumors by pa-
thologic examination. Both tumors were composed of cells
with trabecular or ribbon-like proliferation, and were encap-

sulated with no signs of invasion into the surrounding tissue.
Immunostaining revealed numerous: glucagon-positive cells,
as well as some. cells that were positive for insulin, somato-
statin, or PP in both tumors (Fig. 4a-d). On pathological ex-
amination, the white nodules on the surface of the left lobe
of the liver were shown to be regions of fibrosis. and lipido-
sis, ruling out the possibility of liver metastasis. When endo-
crine studies were performed three weeks after surgery, the
levels of pancreatic endocrine hormones were lower (gluca-
gon was 194 pg/mL, IRI was 10 pU/mL, CPR was 3.0 ng/
mL,, and somatostatin was 14 pg/mL) than before the opera-
tion. In addition, we examined MEN1 gene, after written in-
formed consent was obtained from the patient, and c.734
delC was found at exon 4 (Fig. 5).

Discussion

Glucagonoma was first reported in 1966 by McGavran et
al (11). The abnormal production of glucagon leads to a dia-
betic state and hypoaminoacidemia, along with symptoms
such as weight loss, impaired glucose tolerance, skin rashes,
mouth ulcers, and anemia. Mallinson et al referred to these
symptoms as the glucagonoma syndrome (12). In the pres-
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Results of arterial stimulation and venous sampling (ASVS) in the present case. Each

line represents insulin and glucagon levels in the hepatic vein after injection of calcium gluconate
8.5% was injected as a bolus at a dose of 0.025 mEq Ca?/kg body weight into the gastroduodenal
artery (GDA), superior mesenteric artery (SMA), splenic artery (SA), and hepatic artery (HA). A
selective increase of insulin was not detected, but an approximately 6-fold increase of glucagon was

observed in the splenic artery territory.

Figure 3. Macroscopic findings of the tumor. The resected

tail of the pancreas contained tumors measuring 5 mm and
20 mm in diameter, corresponding to the lesions identified by
imaging studies.

ent patient, recurrence of hypercalcemia and parathyroid
hyperplasia were noted while the patient was being followed
up after subtotal parathyroidectomy performed 13 years ear-
lier. Further investigation revealed the presence of pancreatic
endocrine tumors and an adrenal tumor, leading to the diag-
nosis of MENI1. Since pancreatic islet tumors are found in

65-75% of MENI patients’ and glucagonoma is frequently
malignant among these endocrine tumors of the pancreas, a
differential diagnosis of pancreatic endocrine tumors is vital
to facilitate early detection and early treatment, The pres-
ence of liver metastasis is considered to be the:chief prog-
nostic factor for. glucagonoma. In the present case, nodules
were found on the left lobe of the liver during distal pancre-
atectomy, but metastasis was ruled out by pathologic exami-
nation, In addition, two endocrine pancreas tumors were de-
tected in the present case and we examined the malignancy
of each tumor using Ki-67 index. We examined Ki-67 index,
using a method previously reported (13), and found that the
Ki-67 index was quite low. Thus the possibility of malig-
nancy of both tumors was thought to be low (13). Neverthe-
less, the patient will need to be followed up with periodic
imaging studies. The value of provocative tests using secre-
tagogues for diagnosing and locating endocrine tumors is
well known. Imamura and Doppman et al performed selec-
tive arterial infusion of stimulants to locate an endocrine tu-
mor by identification of the feeding artery, and reported that
gastrinoma and insulinoma could be localized by loading
tests with secretin and calcium, respectively (4-8), but the
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(Original magnification X 200)

Figure 4. Microscopic findings of the tumor (20 mm in diameter) (x200). Immunohistochemical
staining for glucagon (4-a), insulin- (4-b), somatostatin- (4-¢), or pancreatic polypeptide (PP) (4-d).
Immunohistostaining revealed numerous glucagon-positive cells, as well as some cells that were

positive for insulin-, somatostatin-, or PP.

c.734delC

i
_4%

(Met)

Figure 5. DNA sequence of MENT gene was examined in

this patient. ¢.734delC was found at exon 4.

use of ASVS for glucagonoma has not been reported except
for one case at our hospital (9). In the present case, the fast-
ing glucagon level was 271 pg/mL (not extremely high) and

skin symptoms were lacking. In addition, the patient had
long-standing impaired glucose tolerance, which made sec-
ondary hyperglucagonemia and hyperinsulinemia possibility.
Thus, the diagnosis of glucagonoma was difficult from only
the basal values of hormones. However, ASVS revealed ele-
vation of the glucagon level in the splenic artery territory,
while insulin did not show a response suggestive of insuli-
noma. Our experience suggests that ASVS with calcium
loading is a useful test for glucagonoma, particularly for
preoperative diagnosis in patients with only a slight eleva-
tion of basal glucagon values. When the causative gene was
examined in the patient, c.734delC was found at exon 4.
This was the same mutation that Sato et al reported as 842
delC in 2000 (14).
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fiE 1
BE 38R, B EFF BRES. BEE -

FRIERE IR EE L L. BRE 200743 AW
HEIVEHEER BERREZHFI TV 2
HAFLORAOMIFTICFIS LR R
FEERDL WD, ARICHEMAL L LS
BRI TURIGEREL Yy —IEE L ko
7=. TIE © K 176cm, K& 701kg, BMI 226,
B L ~NVJCS I11-300, Mi)JE 87/38mmHg, BRIH
88/45, i 34.5C, Sp0:94% (room air), 8
ERER L.OE R, WIRME S E . AR ERX
% TORUB 2R, MiKIE. BEREERCT : WMIMIF A
RS, AN, MKkERD 5. EEEEE

HO»RRETRZ L. REFRR : WBC 1,770/
pl, CRP 240mg/dl, AMY 977U/I, BUN 87mg/
dl, CRE 4.08mg/dl, BS 649mg/dl, HbAlc
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A fulminant type 1 diabetes with multiple organ failure at the onset of diabetes.
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1) Imagawa A, Hanafusa T : Diabetes Journal 32:6-10, 2004.
2) Imagawa A, et al : Fulminant type 1 diabetes—a nation-
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BREEEEOZIU. BEERLEL, A VAUVIEZERE. AERERFICT, BRERERE
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5, MO WREIERIIBWTREHOEVER L
n, - RERHEF LR TREES 2V, S0
EEH TR L2OEWERSREEZVWERIE SLTE
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LE, TVETT = VESICEEL ThiEROE
LR BDTIERAERBEL 20T, XMHEZEINZ T
HET 5.
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AER 44 5%, R
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RIEE  ERRE L, RPHERHE RESEE
E, BICHMBAREDY.

HEEE  BMERE, BGEELL L.

IEEE C2007(CFRL19)E3 A 4 B, &5 WMEHE
AT L YU ER 2%, JCS300, MyE{E 2,089
mg/dl, HbAic 139% T, 4 b yUEEEEELERE
EBMEANABEIRE o7, I CHERFORRE
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MR & B E DI zOFRIEL, 4 VA VSR
BELG. LI, Mo v o VARIFERY, 30%IR
BRI b A AY YA 0 BUOATL B 3EERRE
oz, AR CPRIZ 1.18ng/ml(L#EfE 149 mg/
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WER 52%4% (2009)

Risporidone Aripiprazole 6 mg/day
3 mg/day 8 mg/day
4 mg/day Perospirone hydrate
HbAic (%)
15 p ,B
> < > ¢ P
13k Insulin therapy Dietary therapy alone with no insulin = Insulin therapy
11 P [ Pancreatic Segmentectomy
(head and tail)
o) S
BW 59.05 kg
7k
5 1 1

Mar Apr May Jun Jul

2007

Aug Sep Oct Nov Dec Jan

Feb Mar
2008

Fig.1 Clinical preadmission course

N, 58 18 B YEE /B CRAEREIRM « il
U, REZIISRMEERIEICE b /2 lelhHmk
Tdh o7, WHEOBHER CPR I 1.18 ng/ml (IN¥EE
149 mg/dl), ¥& % CPR i3 4.69 ng/ml (MI#E{E 145
mg/d) TH otz D bo—id, Fig 1 IZRY

IWEEREDATRIFE o,

2007CPRLINE T HEL DAL - HIEFERERE - M
BEEFEEL, fuAvor4mg/ BokS > HiG
L, 98K 8mg/BitE L. HEEHRLED
®, 12B7HKTIYE 7TV =V 6mg/H & EME
HL7:h, FOEL)ENHER. 2008(FK 20)F 1
H 25 AN ESZHRET, 2RETHHETH
o7 HbA1c 25 8.4% & BAL L Tw 7z #43kI2T 30%
REMe bAoA VB4 BN - 7 4B LFGT
%%, MEEOREZDT. 2 4 B3 EE» A
E,IHL%MBIJ%EV“C high ¥ b, HROKHNRETER

FBL AVvA) BB LREL Twizd,
HbAici3 101% & & SIZE L L7729, 3 A1 H4%
~NABRE ot

ABRBIRES SUREFRR

HE 160cm, £E 59kg, BMI 23ke/m? & R %
FAoH$. M 100/70 mmHg, AR 75/min - B, KR
358C. MBEEb I LR EE L L. M OEE -7
RE7 L.

A ER R % Table 1 IR L7z, BMEKOBEE
B e DR S S Tz BRI T 2320
72, HbAwcid 101% T, AREEOA v AV ¥ GEFHE
AR CEARTS B, BARSHN, FHEE6H
fir, REEA A VIRFI S BADEHTOMmMEEMA
L)% Tablel 127RT. BEAZEERAF CRTFF
{3 06 ng/m/ LRMET, HiGAD ikl HETH -7

ABEEA

Fig. 212783 £ 912, AR basal-bolus therapy %
ATL, AELWITIEHEMNOS YAy VS
T TR EMImEEL 120meg/dl BB TH oz L
ML, TVETI V=& 3A4BICRELThLHE
RIA YA VRLEEVEA L, BREIIEA VA
VoS LOBEREOL TEERMIEMED 140
mg/dl BBEOMIED > hO— itk ot F7, CA
TF FIZAREEER 06ng/ml, £#% 2808 2.36
ng/ml/ THo/zbdH, 38 14 BIZIZEER 1.78
ng/mil, E# 2B 475ng/ml kY, 7YESS

— VAR LARIIZ I 5E U728 & IERE L ~OVicEE L
2. ABRFIEEORE BG4, ABED 59
kg 7 HBEEES8kg & 1kgA LA TH o7,

Z =

FEEMBEEOREPIE, F/93 Y D2 SRARETER
HEZ OV F=—peralsacd v EDE—
WA (ERIEE) I2IA S - 727, BIER & U TRy i
EPSEEICHERLAOT, N30 D2 SAEE
ERIZINA TEO b= 5HT2A SR EEH/ERLE
THEMROTUFMHRE GERRE) SR s I
Lo L, REEMPLAERE L o 2BWEE P RIER X
n, A5 ey sy FT YU BRESF
OEREEEOCH 2 BEIIN L TREREZ>TEY, *
E&LHEFELRE (FDA)TE, S#THAHRBEMFEED
TRCOBEEE B L HERIFIZOWT I ~IVER

BETLIEREFELCWAL?

—F, TUETS =300 83 v D2 S/4K
o7 I A MEBEYETATBMEECTH Y, HE
FEREIH L CTEEFORBEMREL RS0 ELHD
LSRG WRETERIZ BV TELLEOEN /- EET
HoHEIN, KEHFMEFS(APA), XKEWRKESE
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Table1 Clinidal findings

CBC Serological data
RBC 419 = 10%/ul Anti~GAD antibody <03 U/m/
Hb 119 g/d/ TSH receptor antibody  6.2%
WBC 10,080/ ul Anti~TPO antibody 458 U/ml
seg 46.1% (normal : 0-0.3 U/ml)
lymph 41.1% Thyroglobulin antibody 253 U/m/
mono 46% (normal : 0-0.3 U/m/)
eosino 7.5%
Pit 284x10%ul  Urianalysis
Biochemical data Protein (=)
TP 6.4 g/dl Sugar ()
Alb 41 g/d/ Blood ()
T-bil 09 mg/dl Ketone (=)
AST 251U/1
ALT 311U/1 Daily profile
LDH 138 1U/1 07 : 30 136 mg/d!/
CRP 0.1 mg/dl 10 : 00 213 mg/d!
Na 139 mEq/! 11030 173 mg/d!{
K 40 mEq/! 14 00 160 mg/dl
Cl 100 mEq/! 15130 79 mg/dl
Cre 0.39 mg/d/ 20 : 00 216 mg/d!
BUN 12 mg/dl 2200 160 mg/d/
T-Cho 195 mg/dl
LDL-Cho 118 mg/d!/ CPR
HDL-Cho 55 mg/dl Fasting 0.6 ng/m!
TG 135 mg/d!/ 2 hours after breakfast 236 ng/m!
FreeT3 205 pg/m!
FreeT4 0.86 ng/d/
TSH 863 1U/ml
PRL 1532 ng/ml
] Aripiprazole stopped
<~
u/day Basal bolus 30/70 premixed human insulin mg/df
35 (insulin) therapy (morning/evening) None |10
30 + -4 140
25 + 4 120
20 4 100
4 80
15 4 60
10 | 4 40
5 - 4 20
0 0

7 8 9
March

10

it 12

13 14

[ Total insulin —#— Mean blood glucose before meals]

Fig. 2 Clinical postadmission course
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FERE 52% 4% (2009)
Table 2 Antipsychotic drug side effects
G Linid QT . Anti-
; c . . . .
Drug EPS PRL nght lucos.eA ! . . | Sedation | Hypotension | cholinergic
/TD | elevation | gain | abnormalities | abnormalities | prolongation A
side effects

Thioridazine | + ++ + +7? +7? +++ ++ ++ ++

Perphenazine| ++ ++ + +7 +7? 0 + + 0

Haloperidol |+++| +++ + 0 0 0 ++ 0 0

Clozapine Oc 0 +++ +++ +++ 0 +++ +++ +++

Risperidone + +++ ++ ++ ++ + + + 0

Olanzapine Oc 0 T+ +++ +4+ 0 + + ++

Quetiapine Oc 0 ++ ++ ++ 0 ++ ++ 0

Ziprasidone | Oc + 0 0 0 ++ 0 0 0

Aripiprazole | Oc 0 0 0 0 0 + 0 0
EPS/TD : Extrapyramidal side effects/tardive dyskinesia

¢ : Possible exception of akasthisia
0:No risk or rare side effects at therapeutic dose APA Guideline (2004)

£ (ADA) e CBEFSO U A TIE, Table 2 bt LaL, £o b= 5-HTI1A, 2A Z54&k

CRTEHET ISV~ ViR 7> — 4 ¢, i
EREICEELZ LD L@ hrnE LTwnad,
ZDLHBETVET TV =i, o A
FEMRE B L CRIER O S CEER BRI & %2
D, APA A4 K5 4 > Tid Ziprosidone (FF £ 578)
EWAT, HEHEN, S SREOBEN D 2
BEOEHRIEER2ZETL L) CERS T
R
L2L, FEGITIE, 7UET5V— V%5 RiEH
MOMMED Y PO —NOWELED, FSEAPILHE
RNMED Y b o — VoW ELRED-Z LS, [
FEHERIC L MREREREE SR b,
PORBHIR MRS L - THRE SN BERBO R R
FAIZOoWTIE S T ST LBWER 2 ENTHBE LD,
THIIEAS IR s Ty, BEEILNTWVS
MERPFAERT & LTk, RE#I, w243 HI
XEERBTER, 120 ViRREoBK, LTS
BEOLRIILILZLDLEFBITONEY,
FEFZBNTE, 7IETIS = VERHEI»S A
BeE TOHMICBWT, RERNEOKE LR ELRHER
FRKOBRIBIUIED TE LT, FEOL{LIE £1
kg DFFETHY, EEIMCHMET 20T bo
—VOMELIIEZIC W, T, REME, Y AR
DR EREEE 7)) TS S — R iT g R
ftLTsy, »2oBE NOXY F-LEHALTWS
A, MDY Pu—VOB{LEROTVRY., T2
EhD, RHREOSERENG R T5E, 7
VETG— ) 20 R, nosy) F—
HEL Tt b= 5-HTIA, 2A, 2C S5k v 2
IV HIZERELEOHEMUNEL L oTHIY, =
WO DZERIZEE L TR I EN LT L #

B LTIE, 2ORIUER L Il amE o RR
RIERPHB LRV EPFREYSR TS, vAS
SVHIREEBICELTE, FoRiEE RIS E
ENTVLEEENSAEFNTIREEITELT, $7-
AYENOHGICEE T2 +0 b=~ 5-HT2C 2%
FOEFERIZBVTD, RBICEERNEZD Ty
N2 EPL, REFOERFBIEDORER L EHET
Xhdhorl,

KETIE, 20034 11 12 ADA % APA 72 B4
R e &b OB REGERRK T & 8 - A H s
EDBRIZOWCORRA Y 77 Ly A% EBL, #
AR S BIAET I BMI, 28RS MbE RERE
EOERFE ) AL 2L, BEHRICOEHHL
BMI, ZHEEFMAEZ: EOMREL LT T &2 s
NTwvb. 2008 £ 9 AFE, MEDLINE THETX
LHEEATT VT IV — I L AERBEOERS ST
B TE5BHLHT0, KB THEFATE o8
HOH LV, REERIT 12~488T, 7Y TS5 Y
—IVEIRTRICHEIRF 2 FIET 5 T TOHM S 3 5 ~18
WHITLELETHE, KEFTETIE TS5 —
WVERIZ X ATHERREBEN M Bb -0, 4%
AN % & O PR OTIFHRE 4 %5 2 B2 d it
BB LA E TV E R 2 MERE & b
ELRZRBEILETHLEEZ LN,

X
1) Work group on schizophrenia (2004) Formulation and
implementation of a treatment plan, Practice guideline
for the treatment of patients with schizophrenia 2™
ed., American psychiatric association steering commit-
tee on practice guidelines, DOI: 10.1176/appi. books.
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9780890423363.45859, p 17-53

Work group on schizophrenia (2004) Review and
synthesis of available evidence, Practice guideline for
the treatment of patients with schizophrenia 2™ ed.
American psychiatric association steering committee
on practice guidelines, DOI:10.1176/appi. books.
9780890423363.45859, p 66-113

American Diabetes Association, American Psychiatric
Association, American Association of Clinical
Endocrinologists, North American Association for the
Study of Obesity (2004) Consensus development con-
ference on antipsychotic drugs and obesity and
diabetes. Diabetes Care 27 : 596-601

Lean ME], Pajonk FG (2003) Patients on atypical
antipsychotic drugs. Diabetes Care 26 : 1597-1605
HEEE, B & FH EH2005) K3 v D2
— X NT TR M—HRTERET VYT T~
N, BRFRFETHES 34 © 461-468

6)

9)

10)
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Dhamija R and Verma R (2008) Diabetic ketoacidosis
induced by aripiprazole in a 12-year-old boy. Diabetes
Care 31 :e50

Church CO, Stevens DL, and Fugate SE (2005) Dia-
betic ketoacidosis associated with aripiprazole. Diabet
Med 22 :1440-3

Campanella LM, Lartey R and Shih R (2009) Severe
hyperglycemic hyperosmolar nonketotic coma in a
nondiabetic patient receiving aripiprazole. Ann Emerg
Med 53 : 264-266

Makhzoumi ZH, McLean LP, Lee JH, and Ibe AI(2008)
Diabetic ketoacidosis associated with aripiprazole,
Pharmacotherapy 28 :1198-202

Reddymasu S, Bahta E, Levine S, Manas K and Slay LE
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FiE T REFATHNGESHEEO L VAYREFRFEI18 AT IHER, BL VEHEE
% & DR AR — Y FREA 100 A2 HBV R, AET208 AR RE L L, 20044F 6 A f)~7 A
hHICHEYERL 2, K - AEZECHRR, —EL RV F— XHEBRRE (Dual
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OB OYIEIEE I KD &0, (K{KE (BMI18.5
i), YomAE (18500 25k, MR (2504EF)
oL, SRoOEE »IBESRE & EBFINCE
H L, Fisher DIEFERERBRELZ AW TEEOELKR
ELiIc, MBALENEEHREOD HL2HH
(tPAI-1, RLP-a VA5 0 —)l), ¥BZESEHED
2L 6HHE (VF/—b, ahB 5, BhHEF
v, ZJUJbrEYVF, phaT U ME, VS
J—=VEE), TORGEIERR, ERSTHIC
RSB/, BB CEEFL L, WG
DI WVtBRELET-> 7o, MBEAFHIBREME
(tPAI-{, RLP-C I B L 7o) SRR LD
BIE A #istd 5728, Pearson HEGREAEE L /-,
WEHRHTITIZ SPSS 14.0] for Windows (SPSS
Japan Inc, HR) &AW, FEtHIEEZEL P<0.05

H56¥  BARAHERE

#1225 841
L7,
m B3R R
I BxRE

7 HHOMEATRHE TR ERTE/ITRE
RN GE L L, 7T HMORFERGE»E T L
L, IEBFBA (AEEZRHLZ108AD
72.2%), EBEIESS A (100 AD55.0%) DEEH133
ANTH - 7o TR RFBOFENRIL, JEHEBIREC
F1EEe A (7.7%), 2E4E30A (38.5%), 3
A10A (12.8%), 4 F430A (38.5%), K¥FEEE4
2N (26%), EBBEETIX 1EE30N (54.5%), 2
FEEII3A (23.6%), 3FEAE6 A (109%), 446
A (10.9%) THo- 7z, FOFHMEIL, £ 1ITR
U7 & DI ERN#E20. 5%, SEERF19.158C, I5H#
BN EEICE D - 7,

H A& ADOARFIBINAHEE (20055 /) WICHIGL T,
B REOEMEIEE LUl (physical activity level,
PAL) # BHWAEENS SEHFEICILE THETS
&, IEEBEECIE, KV (1) 18A (23.1%), ¥
B () 59A (75.6%), @\ (M) 1 A (1.3%),
EBHH T2 TOELE Y () TH-o7,

2. MREDHERFE

NEEOFHRPFHELYE 1ITR L, H&, &
HICEHHSPEBICEEA R L/, BMI (kg/m?)
3IEEBNEE20.5+2.0 (Pl R FEZE), EBEF
204+ 19TEBHESERICEMHE R, L2L
e, BARERKESSED BMI % H /ol
OHEHAAEED, (KMAHE (BMIIS.5KR), H@AE
(18.5Lh k255k), A (2504 L) OEIGIE, FRHE
BIRECK £ 12.8%, 82.1%, 5.1%, EBNEFT3.6%,
90.99%, 5.5% T& V), Fisher O IF HEHRBE DR
B, WROEGICEEERRO DN -7, (K
BAZOWT, KIEFEE & TOME (&8, K,
ER:, THD) CIREBREABBRICEMEYRL, KIE
B3R (%) FIFEBR29.4+5.3, EEEF22.6+4.8
CIBEBHECTHBEICBMEYRLI, BREWHEIZET
OFSL CHEBBEAFBICE ML R L 7,

M SWC, BRI, R
ERICHBFOFHEICERENRD LN L P -
7, REMONMGHMEESHHE CEEIE S,
ABI (EBAS LML) PEBF CAECSMEY
KL 7z, baPWV (ERi—R EEIIREIRE R E)
i, MECEEZERAD LN, -7,

3. MRE(LHFHIREE & EIEREE ORBR

JEEERE LEB PO MK A LF R EES LU,
B & AEIEER & O Pearson HHBEAFREEZFE 21T
RL 7, BMAEMTIE, HOMA-B, V/Fv, 7R
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842 56 BARQERE B12% 20094E1215H
x1 EESHBFRCEBFOTR L LU SRR
. SEHEBIRE (78A) OB B G5A)
WE R o BERE M E SRR Pl
SE 20.1 1.3 19.1 1.2 *x
HE (cm) 158.9 5.0 162.9 5.6 ok
hE (kg) 51.9 6.4 56.9 6.5 *
BMI (kg/m?) 20.5 2.0 21.4 1.9 *
FlElE (kg ? -1 15.3 4.3 13.1 4.0 *k
TN 7.3 2.4 6.1 2.1 ok
) 1.4 0.6 1.1 0.5 ok
THE 6.0 1.5 5.3 1.5 %
wheREE (%)v ot g 29.4 5.3 22.6 4.8 ¥
i 30.0 6.3 22.6 5.5 ¥
si 28.2 7.6 20.6 6.8 ok
TR 32.2 5.0 25.2 4.5 **
ERIEMHE (kg o g 33.8 3.9 41.4 3.7 ¥
kg 15.9 1.6 19.5 1.8 %
B 3.1 0.4 3.9 0.5 ok
Th 11.6 1.3 14.6 1.6 b
ME (mmHg) L1 SBP 102.9 7.1 104.5 7.4
1% DBP 56.9 5.1 56.4 5.5
JEBEAT SBP 113.3 11.3 120.7 10.9 *k
B8 DBP 59.1 5.8 59.6 6.5
ABI 1.09 0.07 1.14 0.09 i
baPWV (cm/sec) 980.4 83.0 966.2 94.9
TEOFHBEOHE | BE ¥ P<0.05 **: P<0.0t
D ZHEIIVFE— X BRE (DXA) LD EE
SBP : {FEHAMIE, DBP : ¥R
ABI : EBIET ERRImELL, 2 BEETIE A M A/ R e At e
baPWV @ _El—E EIRMIRIE R R
®2 IpEEHE LEBFOMRAELFREG S LUMEIBE & O Pearson HHBFRE
e A B Do
MEREEE B w80 BBE GSA) L EEE AR
P EEEE O THE EERE BOA) G5A)
TN a—A mg/dl 85.5 7.2 86.4 7.4 —~0.085 ~0.032
HbAlc % 4.7 0.2 4.8 0.3 —-0.070 0.017
4V Ay #U/ml 7.0 4.4 5.9 4.8 0.373%* 0.297*
HOMA-IR 1.5 1.0 1.3 1.2 0.355%* 0.242
HOMA-f 114 66 90 48 * 0.485%* 0.444%*
tPAI-13) ng/ml 15.0  (11.0, 20.0) 15.0  (10.0, 19.0) 0.443%* 0.237
VF ng/ml 9.5 4.2 6.3 2.2 o 0.681%* 0.634**
TF4RERTFY ug/dl 10.8 3.8 11.1 4.1 —0.022 0.165
BavAFo—ib mg/dl 180.8 26.2 176.6 22.2 0.309%* 0.185
FUZYREE— mg/dl 58.4 23.3 54.1 22.4 0.208 0.025
HDL-Z LV AFH—)  mg/dl 76.4 13.0 79.5 12.6 —-0.019 —0.089
LDL-2 LV AFH0—)l  mg/dl 92.7 23.3 86.3 20.1 0.323%* 0.256
RLP-O L AFE—)L3  mg/dl 2.4 (2.0, 2.7) 2.1 (2.0, 2.8) 0.257* 0.216
7 REE A1 mg/dl 165 20 172 19 0.014 —0.134
THREHB mg/dl 73 15 67 13 * 0.390%* 0.189

D BWHOLE  RE

¥ P<0.05 *F: P<0.01
Y MIKAEALERIBCAE & RIERFER & DOBSHE : Pearson HHBA{REL
D SHRERE, (REET-,
EepOfElE, dE (25/8—t v Z AVl 715/3—t U F L fE) L LT,
HOMA-IR : A v A VIEHEIEE, ZEIEReE x 228K 1 /X 1) 2/ /405
HOMA-B : A VAU Vo WdeH, =R A /AU v x 360/ (Z2IERF IfL4E — 63)
(PAI-1 : R T 5 23 /7 VB CRTHERT |
RLP-a L AFE—)b: VATV FEYREA-a VAT IV
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20094£12 A 158 o6 HALNERE FB 843

®3 IBEBH LEBHNHO 1 BN RERSERE

FEBHE (78A) E B B (5A)

*EE S ¥ B T 1 (i R (e Pié
T rbF— (keal) 1,551 303 1,853 450 o
TANELE (g) 55.4 11.6 62.4 18.3 ok
f&d (g) 50.8 13.2 57.9 17.9 ok
Rkt () 212.2 44.5 264.4 67.6 ok
K5y (mg) 12.3 2.9 13.2 4.9
FFU DL (mg) 2,666 681 2,843 945
UL (mg) 1,805 539 1,900 654
AN 77 L (mg) 428 148 534 293 ok
<737 (mg) 184 53 195 61
UV (mg) 821 182 928 315 *
# (mg) 5.7 1.8 5.7 1.9
Wi (mg) 6.6 1.5 7.4 2.1 ok
# (mg) 0.87 0.24 0.90 0.23
<VH Y (mg) 2.67 1.11 2.48 0.84
U/ —ibb (ug) 177 (119, 266) 162 (115, 249)
a s (ug) 221 (135, 332) 244 (115, 372)
BHET Y (ug) 1,580 (1,061, 2,370) 1,457 (963, 1,985)
79T rFFUFUY (ug) 36 (25, 67) 48 (30, 110)
BAaTT/SEY (ug) 1,746 (1,183, 2,602) 1,717 (1,129, 2,250)
VF =4 EY (ug) 344 (264, 456) 309 (240, 442)
Va3 D (ug) 4.4 3.2 3.9 2.9
o a7 22— (mg) 5.7 1.7 5.9 1.9
BFa7za— (mg) 0.35 0.11 0.42 0.13 **
y Pa7cHa—)V (mg) 10.0 3.4 11.0 3.9
a7 zu— (mg) 2.2 0.8 2.6 1.0 *
vH3IVK (ug) 148 69 152 98
v 3B, (mg) 0.73 0.21 0.79 0.25
Y4 3V B, (mg) 1.05 0.28 1.18 0.47 *
FA TV (mg) 11.5 3.7 11.7 4.1
V23 Bs (mg) 0.84 0.25 0.85 0.29
Y432 By (ug) 4.4 2.8 4.4 2.8
HERE (ug) 233 92 206 74
RV T (ug) 4,90 1.16 5.58 1.78 ok
Y43 C (mg) 69 31 66 37
SFA (g) 15.33 4.45 18.28 6.02 E
MUFA (g) 18.62 5.31 21.13 6.97 *
PUFA (g) 10.87 3.36 11.93 3.98
n-3PUFA (g) 1.75 0.61 1.79 0.69
n-6PUFA (g) 9.09 2.88 10.13 3.42
IV AFa—) (ng) 297 75 316 115
BEWEHE OkEH) (o) 2.4 0.8 2.5 0.8
BYEHE (RE) (o) 6.9 2.3 6.8 2.1
BB BE) (g 9.7 3.0 9.6 2.8
HEHEYE (g) 6.7 1.7 7.2 2.4
IxRIVFE—E (%)
T AAEE 14.4 1.8 13.5 2.2 ok
RKAH 55.2 4.5 57.8 5.5 *k
i) 28.9 4.1 27.4 4.3 *

TRED B : ¢ SE * 1 P<0.05 **: P<0.01
D OEERE, (RERT - .
EehOfE, gl (25— X LU, 753~ 2 A E) L7,
SFA : SIFEREE
MUFA : —fli REaF g b L
PUFA : &~ RIfuishHf:
n—3PUFA : n-3 REM TS
n~-6PUFA : n—6 5 & R BRI R 5

—123—



844 #ook  HARLEGE

EUBAFEBHECHEICSBEY R LS, D
BEHBIEEERRDL L - 1o, SEEHEL&IE
B & OFBIGREUC >V TS, IEBEERFCII A VA
1) v, HOMA-IR, HOMA-B, tPAI-1, L7 F v,
Bl Aya—), LDL-abV AFa—), 7Rk
BB D8 HEENHEBIRI 0.3 U LOEDBEERRL
7= SEHECIE HOMA-S, V75D 2B NIE
OEERL 12,
4, REZSENEL L UVELMHIERED LR
IEBRE LEBIC RIS 1 HY D REREE
BEBZEIIRLI, (TEALOREREEREN
HERTEL, ARESROOLNALLDE, TV
F—, LAELE, BE, R, VUL,
Uy, ®Mih, pravzno—)b, 6T 20—
WV, ©R3IVB,y, NV T UEE, AR, —
MR CH - 7o —7F, TaVF—HEKIC
ONWTHE, HAKE, RESEEBTEREICS
<, R EFHECHEEICSE» - 7%
F£ELTRLTORWS, BEEYERRVW IR
U —PRERFEREOL T, ZEALDEK
HEZENENIEEHH CEMEETRL, RKEHD A
HBH CABRICEME R L (P<0.05),
JEEEEE L EHPIC KT S 1 BYA D RREETIE
BEAYE IR L, REAFEHIBINE % Wi THK
U7-fsE, 88 L miEEIERNCERILS

H12E

<, BEE, HRE SOHIIBERHRTHERER

%ﬁ)o 72

20094125158

NV % £

BKEBP RS 2 BOBFELE L JHREL T,
FER AR LD BARTEE) L L DR R TR R B0
DA BRICEITTEEY, HER - MEE{LFER
BEB LURFEIRROMW ) b L, 4,
IEYR - HEE - BRARRT LRER OB 2 EMIC L
5T, ShHDY A7 BEREFT A LITRTFR
BEBHZFEVCETHY, TOEBERH>ER TS
ToOIT, AMFEAEERL 72,

KRR TORA LB 5, OFEIFRETH 5
o8, BE GEBER) LR (B, mgEE,
BAEER) FOREBERICOVWTEHLMITLHI L
BEEL V., O RETEFEAMBIC K> TEESQ
TWipnwicd, —BNEEFCEEREZREL T»
HERBROR, T, BEROFNFERICHNT
T RER IV, BREEZROSVERTH -
IABEM A E 2 b b, EBE, A ERORITRSE
i3, 7 HEOMBESEY TR TELELHREL
TN, BIRNA T ADEEPKED I LEZD
h5, QBB AFERRREZIUE T 5 7c0IlE
ML -EHMOREFAES, FREOABEKEL
L, MEENEL - cvieER B 5, T/, BF

x4 IHEDHR L EBHFO 1 H B e TR E

BRBE (g/H) IEEEE (78A)

EBE G5A)

R A (95, 75/85—1 2 % 4 JUE) el ;] (25, 75/8—+ v & 4 JL{#) PiB
I 308.3 (264.8, 400.5) 383.0 (321.0, 469.6) ok
AN | 26.2 (17.9, 45.0) 292.6 (12.8, 36.6)
Y 4.9 (2.4,7.3) 3.1 (0.8, 10.2)
oY 24 .4 (7.9, 44.4) 19.6 (5.4, 39.7)
EEEY 0.7 (0.1, 1.8) 0.0 (0.0, 0.8) &
B 165.8 (119.4, 212.1) 110.3 (80.2, 160.4) o
Y 71.6 (29.0, 132.0) 82.9 (31.9, 160.6)
xOTEY 4.5 (1.5, 8.5) 1.0 (0.0, 6.6) ok
JEEgY 1.7 (0.4, 6.3) 2.2 (0.7, 5.7)
AmAED 37.3 (18.8, 55.7) 26.5 (16.1, 48.7)
Sk 60.9 (45.2, 86.1) 66.9 (51.7, 91.7)
i3] 32.9 (23.6, 43.7) 32.5 (21.9, 48.6)
258 147.8 (73.5, 223.8) 205.3 (82.4, 362.0) *
sk 10.2 (7.4, 13.9) 12.7 (9.2, 15.7) **
HFEY 53.0 (31.4, 70.9) 57.1 (29.6, 103.1)
U I iR 554.9 (401.3, 771.5) 5445 (298.4, 845.7)
Bl ] 55.8 (38.4, 103.9) 47.3 (34.7, 80.2)

R, (BEERT-7T, ¥ P<0.05 *¥F: p<0.01

D BIMED 0 THBHIH 1 2N THhOREERE, (REZRT-7
ghfil, Ryl (95/3—b v 2 A4 IUE, 75/3—t v 2 4Vl L L7,
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