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= Abstract=

Surgical Results of 80 Patients with Growth Hormone-Producing Pituitary Adenomas[]
Analysis of Outcome and Prognostic Factors

Jeong Eun Kim, M.D., Hee-Won Jung, M.D., Ho-Shin Gwak, M.D.,
Sun Ha Paek, M.D., Dong Gyu Kim, M.D., Kil Soo Choi, M.D.

Department of Neurosurgery, Seoul National University College of Medicine, Seoul, Korea

alyzed retrospectively to evaluate the clinical manifestations and to determine which preoperative factors signi—
ficantly influenced the surgical outcome.

Patients and Methods[] The patients consisted of 39 men and 41 women and the age of patients at the time of initial
operation ranged from 17 to 67 years(mean age, 40.5 years) Between January 1990 and June 1996, 77 patients und—
erwent transsphenoidal surgery and 3 patients underwent craniotomy for GH—producing pituitary adenoma at our
institution. Preoperative administration of octreotide was performed in 18 patients. Surgical control was defined as a
postoperative serum basal level of GH less than 5ng/ml. A logistic regression model was used for univariate and
multivariate analysis. Probability value of less than 0.05 was considered as statistically significant.

Results] The most common presenting symptom was acromegaly, followed by headache, visual disturbance, and
fatigability. Visual symptoms were present in 39% of the patients. Diabetes mellitus was associated in 24 patients
and hypertension in 12. Preoperative mean basal level of GH was 93.2ng/ml(range 72—500ng/ml) which was closely
related with tumor size(p<0.05). Grade Il by Hardy’s classification was the most common radiological type. Preo—
perative octreotide treatment significantly reduced the level of GH(p<0.05), but not enough to induce endocrin—
ological remission. One patient died of cerebral infarction after craniotomy. The most common surgical complication
was transient diabetes insipidus. The symptom of the earliest improvement after surgery was paresthesia and tightn—
ess of the hand and foot, followed by headache and easy fatigability. The preoperative visual symptom was improved in
all patients. The patients who had hypertension or DM experienced alleviated symptoms in 67% and 92%, respec—
tively. The overall rate of endocrinological remission was 44%. By multivariate logistic regression analysis, the size of
tumor, extrasellar extension, and extent of removal were significant prognostic factors for endocrinologial remission.

Conclusion] Early detection of a small tumor without extrasellar extension followed by a complete resection is highly
recommended in order to achieve endocrinological cure of GH—producing pituitary adenomas.

O bjectives(] The surgical results of 80 patients with growth hormone(GH)—producing pituitary adenoma were an—

KEY WORDS[ Clinical manifestation- Endocrinological remission- Growth hormone—producing pituitary adenoma-
Prognostic factor- Surgical outcome.
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brain irradiation)d OOOO0O.
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0000 O0O0OD0OO Fisher's exact testd O0O0O0O0O.
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00,00 0 000 00,0000 D000 OO OO
(extrasellar extension), 000 0000 (extent of re—
moval), 000 OO0 OO0 0O (postoperative irradiat—
ion)d 500 OO0 OO0O0O0O OOOO Oooooo chi—
square test0 J00O0O0. 00 OO0 O OO0 00O O
0 000 oooOo,000,000000 OOOOO.o
0,00 000000 00 000 000 ooooo o
000 00o0O0OC0 OO0 oo oo 0D oo oooo o
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No. of cases
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T

m 1 Il 1 L
10-20 21-30 31-40 41-50

Age

1 ;n |
51-60 61-70

ooo 0D 144500 55%, 00O 0000 00 28200
284%000. 0000 3904100 O0O0OO0O O0O0O0OO0O
O, 000 17000 6700 O0OOO0OO 4050000 O
00 300, OO0 5000 OO0 000000 (Fig. 1).
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00 0000, 0000 240(30%), 0000 120 (15%)
000(Table 1), 00 O 000 00000 9000 420
000 00 8200000.00 0 000 000 0000
15(00 0.66), 000 0000 150 0.68)10, OO
000 210(26%)0 00000 00000 0 000 O
00 00000 110(2%)0 00 000 000 000
0,000 00, 000 000000 000000, 000
000000 10 000.

Table 1. Clinical symptoms and signs in 80 patients with GH-
producing pituitary adenomas

Symptom & Sign No. Cases(%)

Acromegalic feature 75(94%)
Headache 41(51%)
Diabetes mellitus 24(30%)
Decreased vision 23(29%)
Visual field defect 21(26%)
Easy fatigability 20(25%)
Amenorrhea 17(21%)
Hypertension 12(15%)
Decreased libido 12(15%)
Heat infolerance 8(10%)
Weight gain 7(8.8%)
Impotence 3(3.8%)
Weight loss 3(3.8%)
Diabetes insipidus 2(2.5%)
Cranial N. palsy 1(1.3%)

No. of cases
=
T

40 - 60 60 - 80 80-100 100 -
Preoperative GH(ng/ml)

Fig. 1. Age and sex distribution in 80 patients with GH-produc-
ing pituitary adenomas.

756

Fig. 2. Distribution of preoperative growth hormone level in 80
patients with GH-producing pituitary adenomas.
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00 O 00 D0O000 00 97ng/mi00 425ng/mi0]
00 932ng/mi0 00 (Fig. 2). 00 O 000 000 OO
0 00000 000 00000 p-valued 0.003(p<O.
0500 00000 D0000 0000, 00000 0327
0 00000 O 000 000 000 0000 (Fig. 3).

4. YA A A

000 000 OO0000O o000 O 0 5mmO0 60
mmO 00 26.3mmO0 0O0O00O0 90, O00OO 500,
00000 210000(Fig. 4). Hardyd 0OO0O0O OO
000 000 0000 00 0000 000 1em OO0
Grade IO 150, 0000 OO0 00O OO 1emOOoOO
00000 0000 Grade 10 320, 0000 OO0 O
000 0000 OO0 (localized erosion)d 00O Grade Il
0 230, 00000 0000 O OO0 OO0 Grade IV
0 100000(Fig. 5). 000 O000OOO OO0O0OO OO
0 00000 1700 00 000,000 000 40,00

600 1

500 A 8

400

300 - . . .

200

Preoperative GH(ng/ml)
o

100 A

Tumor size(mm)

Fig. 3. Scatter diagram between preoperative growth hormone
level and tumor size in 80 patients with GH-producing
pituitary adenomas.

[J0-10mm [11-30mm EZZ >30mm

Fig. 4. Size distribution of adenoma in 80 patients with GH-prod-
ucing pituitary adenomas.
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00 10 0000, 000 00000 0000 0000
000. 0000000 DOO(extension)d O 6200 OO
00 000 4300 00 000, 00000, 000,00
00,0000 0000 (Table 2).

5. #& M octreotide(somatostatin analog) X|2AX

00 O octreotide 000 OO0 1800 DOOO OO
0O 00000 00 229ng/mid0 425.0ng/mi(00 153.
8ng/mI0, 00 O 0000000 Odng/miO0 161.
Ong/mi(00 27.7ng/mH00 OOC OO 00O OO O
00 00 00000 00000(@p<005). 000 OO0 O
octreotide 000 DO0OODOOD OO0 O 0DOODO OOO
0 000 0000 0000 (p=005)(Table 3). Octreo—
tidle 000 00O0ODDOO DOO DOO 0OOO OOO
500 27.8%00, 000 OO0 OO0 OO (softening)d
00 000 600 33.4%00. OctreotideDd 0000 30
00 0D0O00O0,00 000,00 0 00 000000.

6. +=H MAY=

0 77000 0000 000 00000 3000 000
0 00 0000 000 000 0000 00000. 00
0 00000 0000 440, 00000 280, 0000

23

[ Grade | [ ]Grade Il ZZZ Grade Ill

Fig. 5. Distribution of radiological grade in 80 patients with GH-
producing pituitary adenomas.

Table 2. Radiological findings in 80 patients with GH-produ-
cing pituitary adenomas

Findings No. Cases(%)

Extrasellar extension 62(78%)
Suprasellar 43
Cavernous sinus 18
Sphenoid sinus 15
Subfrontal 4
Clival 1

Cystic change 17(21%)

Necrosis 4(5%)

Hydrocephalus 1(1%)

757



S¥S222] HolH &8F 8002 ==&8% & o= 2IXte] 24

0 8000.7.0000 H&EOOO OO0 (chromo—
phobe)d 38000, 000 (acidophilic)d 300000, O
00 12000(Table 4). OOOO0O0O0OOO0 OOOOO
000 0O 3300 0000 0 00OOooOo oooo ooo
0 2000 OO 0O0O0O, 00000 OoOOo 70, 000
0-00000-000000 000 OooOoo oooo 3
0 0000 (Table 5).

Ooo0o00 000 0obo0o0D 1300 0o bod
ooooo, oooo ooooo, oooo, ooooo o

Table 3. Correlation between octreotide treatment and
endocrin-ological remission in 75 patients with GH-
producing pituitary adenomas

Remission p-value
Yes No
Octreotide freatment
Yes 5 13 0.093
No 28 29

Table 4. Pathologic findings in 80 patients with GH-producing
pituitary adenomas(H & E staining)

Findings No. cases(%)
Chromophobe 38(48%)
Acidophilic 30(38%)
Unspecified 12(14%)

Table 5. Immunohistochemical findings in 33 patients with
GH-producing pituitary adenomas

O OOO(Table 6), OOODODOD OOOO 800 DODO.
o000 oo000 1000 0000 o0 oooo 04
0O 0000 oooo ob ooooo.

0. 2EF WANSI Y

Jooooob obooob obooo 44000 od o
00 220,000 00O 160,00 OO0 50,0000
1000(Table 7). OO0 OO0OO0O OOOOO OOO O
OO0 000 OO0 OO OOoooo oooo oooo@oo.
001 OO0 O0O00O0O O0O0O00O Oooo Oobo ooo
oo ogo.

10. r2% Y459 sH

0000 O 0000 00 000 000 00000, O
0,000,000,000,0000 000 0000 OO0
0 00000.000000 7500 0000 00 000
0 000 0000 0000, 0000, 000 000 00
000 710(95%)00 000 OO00. 000000 200
0 150(75%)00, 000 410 O 300(73%)00, 00
00 170 O 70(@1%)00, 0000 1200 80 (67%)
00, 000 240 O 220(92%)00 00000. 00 O
000 00000 000 23000 000 00 000 0.0
0120 OO0 021000 OO0 O OO0 000 00O OO
0 90(39%), 000 000 20(9%), 00 00 000
120 (52%)0 0 (Table 8). 000 000 000 00 O
000 00 0./0.02, 0.02/05000, 100 000, 100

Table 6. Postoperative complications in 80 patients with GH-
producing pituitary adenomas

Findings No. cases(%)
PRLO GH 20(61%) Complications No. cases(%)
GH only 7(21%) Diabetes insipidus(permanent) 14(1)(18%)
PRLO GHO ACTH 3(9%) CSFleakage 7(11%)

H ituitari 1(0%
GHO PRLO ACTHII FSH 1(3%) ypopiiutiarism (%)

Loss of vision 1(1%)
LH 1(3%)

6th N. palsy 1(1%)
PRL 1(3%) ICH 101%)
(abbreviationsd PRL, prolactin, GH, growth hormone, ACTH, ) . 3
adrenocorticofrophic hormone, LH, luteinizing hormone, FSH, Cerebral infarction* 1(1%)
follicular stimulating hormone) (*0O Died due to ICA occlusion)
Table 7. Radiological outcome in 44 patients with GH- producing pituitary adenomas

Extent of removal Radiation Total
Outcome
PR SR GTR ) @) No. cases(%)

NED 1 5 13 12 10 22(50%)
NER 1 12 2 4 12 16(36%)
Decreased size 3 1 — — 5 5(11%)
Regrowth - - — — 1 1(3%)
p- value 0.001 0.06

(abbreviationd NED, no evidence of disease, NER, no evidence of regrowth, GTR, gross total removal, STR, subtotal removal, PR,

partial removal)
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Table 8. Clinical improvement of symptoms in 80 patients with 0 000 00000 000 000 000 (e<0.05)(Ta—

Gh-producing pituitary adenomas ble 9). 0, 000 OO0 OO0, 0000 0000 00O

Improved symptoms No. Improved cases(%) 0000, 000 OO0 000 000,00 0 00000 O
Acromegalic feature 71(95%)

(tingling, tightness) 0 0000,000 000 000 000 0o 0g,o00d
Headache 30(73%) 00 0DO0O00 ooo.
Diabetes mellitus 22(92%)
Decreased vision 9(39%) (000 bo
Easy fatigability 15(75%) 000 000 0000 Oooo oo Oobob oo oo o
Amenorrhea 7(4]%) DD DDD DD,DDDD DDDD DD DD,DDDD
Hypertension 8(67%) 000D 300 000 00000 OO0 000 00000

Visual disturbance

mproved 0(39%) 00000 0D0000(p<005). 00 000 0000 O

No change 12(52%) 0000 000 000 000 00 0 00000 00 0

Aggravated or lost 2(9%) 00 000 00 000 00000 000 00000 O
00 00000 000 (p>0.05)(Table 9).

Table 9. Analysis of prognostic factors for endocrinological
remission in 75 patients with GH- producing pituitary
adenomas Il

2k

Remission p— value

Yes No Univariate® Multivariate# 0000 000 00 000 0 000 8015%0 00
00 0000 00 O0dbo obooo oo ooooo

Factors

Size of tumor

0-9 3 0 0.039* 0.0157*
10—29 0 2 00 0 26%0 0000%. 000 00 000 O 000
30— 0 22 204%0 00000 0 O 00.0 00000 DO0000
Extrasellar extension 00 00 00 00 000 O 000 55%, 00 o000
Yes 15 35 0001 0.0232 000 284%00 D000 OO0 0O0OOO.0O0O 20
. No 187 000 4000 00 0000 0000 000 00 00 O
ex
alo 5 24 0315 0.1054 0O 00 000 D000 oo™ 0 00000 0000
Fomale 18 18 00 000000 00000 000 00 5000 00 O
Extent of removal 000,0 D00 000 00 0 000 00 0 0000
GTR 25 15 0.001* 0.0248* o0 gggd.
STR 5 22
PR 3 5 1.2 M Y Y4
Postoperative imradiation 00 0 0000 0o Oobob o000 ooo obooa,
Yes 13 o001 0.2042 0000, 00,000 0 00 00,000 0 000, 00
No 2 12 0 00 00000. 00000 000000 0000 O,
Age - 0.459 0.8004
Preoperative GH - 0.001* 0.0688 0 oo o, 0000000000 o0oboobodo

(*O statistically significant, @0 chi- square test for size of fu- L0000 IGF-10 OO0 OO0 000 O 93%0 OO
mor, gxtrqsellqr gxtension, S€X, _exTenT of removol, posTo— 00 0000 21)' 0O 00000 7500 94%0 0000
perative irradiation, and logistic regression analysis for

age, preoperative GH, #0 logistic regression analysis, abbre- O0000. 00000 00 000 000 OO ooo o
viationsd GTR, gross total removal, STR, subtotal removal,
PR, partial removal) g0 odo 29%0 000 00bd ooobogo obgo
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000 00000 00 0O00. 0000 0D 00000
00000 4%00 70%00 0000 0002, 00 O
000 00000 0D 00 D00 000 0000 00
O 00, 0000000 000 00 0000 000 O
00 000 D00 00 0 D00 00 00 000 000
0O 000 00,00000,00000 00000 000
00 000 0Oooo™®™. go, 000 00 0000 O
OO0 000 0D 000 0000 000 0OO0.000 O
00 00 00 000 OO0 00 00 0 0000 0000
000 0000 000 0000 00 000 00000
00 0000 00, 000 D000 00 (pituitary stalk)
0 0000 OO0 DO 000000 00 00 000 0O
0ooo'™. 0000 000 IGF-10 000 000 00
0O0. 0000 000000 0000 O 0000 OO0
(antinatriuretic effect) 0 OO0-0000000 OO0OO
00 0ooo™®. 00 0 00000 00 000 000
000 00 000 00000, 00 000 00 00 00
000 D000 000 00 00000 000 00000
00 00000 000 000 0020 000 000 O
0O00.00000 00 0000 00 0 00 000 00
00 00 0000000 000 0000 0000000
0O 0000 D000 000 D00 000 00 000 O
00 000 000 000 000.

2. & ™ octreotide X|29| &1}

000 octreotide 000 OOOOOD 0000 00O
000 000 OO0 DOOP 0 000 1800 0000
0 0000 0000 00000 000 000 000 O
O00. OO0 octreotide 00 OO0 DOOOO OO OO
0 00000 00000, 00 000 octreotide 000
OO0 OO0 00 000 27.8%, 00000 000 334%
00 DO0O0O0. 00 D000 000 OO0 octreotide
000 OO0 O 87%0 O00OD 0O0DOO0 OO 0000
0 00 00000 OO0 0000 0000 000 00
O 000000 OoDO 009® go 0 000 0O0O0
0000. 00 00000 000 19870 Spinas 00
octreotided] 00000 O0OOOO 0OOODOOO0 00O
000 0D 000000 000 O O0. octreotided O
0O 000 000 DO 000D 000 00 00 0000
000 000000 000 0o0oo.

3. % el Y HHTNS HM A
H&EOODO O0O0O0O0O 68000 UUOUOO UOOO d
g0 38030000. 00000 OO0 DOoOonO oboo

760

000 00 50%00 0 0000 000 000 0000
O 000 0000 DO (parsely granulated adenoma)l
0000 00000 0000 O0(densely granulated
adenoma) 000 OO0 OO0 OO0 1000250nmO OO0
0 00 000 0O0®.000 000 D000 000 00
00 0000 00000 00 000 000 3500450
nmO OO0 OO0 OO0 000, 000 0000 00 O
00 0 0000 OO0 00 00000 000 000 00
00 0O0%. 000000 00000 O00D000000
00000 330 O 73%0 0000 2400 0OOOO
(plurihormonal) 00 21%0 700 O00000-00000
(GH only—monohormonal)0 0 000% 000000 O
00000 00 68%, 32%0 00 O 0000.0 OO0 O
0000 000000 0000 000000 00 100 O
000 00 00 0O 00000 00O 00000 0000
0 0O 000000 00000 000 0000000 00
0 000 ooOoo.

00 0 0000 0000 O 00 00000 000 O
00(@O00 16.3%), 00000@O00 11.3%), 000
0 00000@O00 75%)0 00000. 0000 OO
00 0000 000 00 DOO000 0D0O0@O00 o0s.
82%), 0000 (OO0 003.12%), D000 00 OO
0(0O00 0025.7%)0 D0000 0000 0000 10%
0000?0000 00 0000 000 00,0000
000 000 O 000 D0000 000000 19900
00 00 00 00 00000 0 000 0000 000
0 000 00 0 000 0000 00 0 000 00
000 000 O 0000 00O0O0. 00 O 00000
00 000 0000 000000 000 00 00 00
00 0 000 000,0000 00 000 000 OO
00 2030 00 00 00 0000 00 0 0000?
00 00000 000 0000 00 00 000 OO0
00 00 0000 0D000. 0000 00 000 000
23960 (000 005.88%)00 0.71%07 O 000 1
0(@O00 1.25%)0 0000 0 0 0 000 000 O
oo.

5. Xz ZH et &4

000 000 D000 00000 00000 000
00000 000 000000 00.00 00000
0 000 000 000 000 800100%00 0000
19910 Giovanelli 0”0 00000 00000 0000
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0 4300 0000 00 O 000 000 767%, 00 O
00 20.9%, 000 24%0 0000 OO0.0 00000
23000 000 39%, 00 000 52%, 000 9%0 O
0000 00 000 000.0 000 00000 00 0
000 00 000 00 02100 OO0 00O 000 O
00 00 00 00 0000 000 00 0 000 OO0
000 0000. 00 0 000000 0000 000 O
000 0000 0 000 000 0000 00 00 00
00 00 000 000 00000 00000 00D00.
00000 000 00 000 19870 Nabaro 00 6
0 O 40(67%)00, 19800 Arafah 0%0 000 40 O
00(100%)00 O0000 00000 00000.0 O
0000 170 O 70(41%)00 00000 0000, O
00 0OD000 00000 0000 750100%00 OO0
0 OO OO0 000 000 0000 00%.0 000
00 73%00 000 00 00000 ooood.

0000 00 O O 680100%00 000 OO OO0 O
OO0 000 0000 000%2,0 00000 92%00
000D00.0000 OO0 600 00 0000000 OO
00 000 00D 0007, 320 O 180(56%)00 O
00 D000 DO000® 0 ooooo OO0 000 O
00 000 120 0 80(67%)00 O0O0.0 00O O O
00 0000 0000 00 00000 000 O 000
0000 00 00,000 000,00000 00 000
75095%00 000 OO0 000 00000 OO0 00
000 O 0000.00 00 000 0 00000 000
0 00 00 00 00, 000 00 000 000 000
00 000 DO0O0?. 0000000 0000 000 O
0000 00000 000 O 00000 00 00 00
0 000.0 0000000 00 000 000 00 00
00D 00,0 OO(eure)d OO0 O OOO0O OO OO
00 000 00000. 000 000 0000 0000
0 00000 000 O OO(ure) OO0 ODOOOD OO
(remission) 00 000 0000 00 00 OO0 0OOO.
0000 0DD000 000 0000 000 00 400 O
00 0000 00.00,00 000000 000,00,0
0 000000 0D 000000 00 00,00, 00
IGF-10 000, 00, TRH, GnRH 000 00 00000
O 0000 (paradoxical response)d 0O000.

0 00000 000 00000 00 00 000od
000 0D0O0O000 O 000 0O0,00000 0000,
00,000 OO0 000 OO0 000000 00 0 00
000 00 000 00 00 000 000 000 O 00
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0000. 00 0O 00000 00 O 00000 IGF-1
0 00 00000 000 000 00000 00 000
000 000 00 D00 00 000 OO0 0O 00 000
IGF-10 00 00000 00000 0000 oood.

000 000000 00 00000 000 000 00
0000 5ng/mli0 10ng/mid0 O OO0 OOOO0 OO
00. 000000 O 00000 000 5ng/ml OO0
000 0000 0 0 00 00 36%00 87%00 OO
64.9%0 000 0007 0 000 0000 44%00 O
0 000 0000 OO0 000 000 00 000000
0.00,00 000 0000 O 0000 000 000
000 0000 000 00000 00 0000 000
00 0000 OO0 OO0 000 000000 0OO00.
0 00000 800 O 45%0 3600 OOOO OO0 OO
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