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<ABSTRACT> 

 

Immediate Postoperative Growth Hormone Level  

and Early Postoperative Oral Glucose Tolerance Test  

as Predictive tools for the Long-term Surgical Remission in Acromegaly 

 
Eui Hyun Kim 

 
Department of Medicine 

The Graduate School, Yonsei University  
 

(Directed by Professor Sun Ho Kim) 
 
 
 

OBJECTIVE: The suppression of growth hormone (GH) in an oral glucose tolerance 

test (OGTT) has been accepted as the most reliable parameter for the determination of 

remission in acromegaly. In this study, we analyzed the immediate postoperative GH 

level and 1 week postoperative OGTT as the early predictive tools of long-term 

surgical remission. 

METHODS: Three hundred thirty-eight patients with acromegaly underwent 

transsphenoidal adenomectomy between Jan 1992 and Dec 2008 by a single 

neurosurgeon (S.H. Kim). In these patients, GH was measured 2, 6, 12, 18, 24, 48, 72 

hours postoperatively, and OGTT was performed 1 week after operation, in every 6 

months for the first 3 years, and annually thereafter. In this study, 194 patients who 

had been followed up longer than 1.5 years with at least three times of OGTT were 

evaluated. These included 153 patients with surgical remission and 41 patients with 

non-remission, and their outcomes in each group were evaluated and compared. 
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RESULTS: Patients were followed up for 1.5–12.4 years (mean duration, 3.80±0.17 

years) after operation with 3-15 times (mean, 5.0±0.14) of postoperative OGTT. One 

hundred seventy-seven patients underwent gross total resection and remission was 

achieved in 153 patients. These included 10 patients with invasion of cavernous sinus. 

In 41 patients with non-remission, 17 patients underwent incomplete resection which 

included patients with cavernous sinus invasion. All immediate postoperative 2, 6, 12, 

18, 24, 48, 72-hour GH levels showed good predictability for long-term surgical 

remission (P<0.05), especially, 24-hour postoperative GH level had the highest 

predictability (0.67±0.06 ng/mL in a remission group vs 7.12±2.06 ng/mL in a non-

remission group, P<0.05). The nadir GH level in 1 week postoperative OGTT was 

0.55±0.05 ng/mL in a remission group and 8.53±2.35 ng/mL in a non-remission 

group. One week postoperative OGTT had 81.7% of sensitivity and 95.1% of 

specificity for the remission when 1 ng/mL was chosen as a cut-off value for the 

determination of remission 

CONCLUSION: Immediate postoperative GH levels and OGTT are reliable values 

that predict long-term surgical remission in acromegaly. These results suggest that we 

might consider early re-operation when immediate postoperative GH levels or 1 week 

postoperative OGTT indicate low probability of long-term remission and 

postoperative magnetic resonance imaging shows a suspicious remnant tumor. 

 

 
 
 

 
 
 
------------------------------------------------------------------------------------- 
Key words: Acromegaly, Remission, Early prediction, Growth hormone, Oral 
glucose tolerance test, Biochemical marker 
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I. INTRODUCTION 
 

Acromegaly is a disorder characterized by excessive growth hormone (GH) 

secretion, which in almost all cases is caused by a GH-secreting pituitary adenoma. 

An excess of GH can lead to significant morbidity largely caused by the 

development of cardiovascular disease, musculoskeletal deformity, and diabetes 

mellitus.1-3 Surgical removal of the tumor with transsphenoidal approach (TSA) is 

the first choice of treatment offered to the patients. After the surgery, rather than 

the surgeon’s impression or radiological studies, biochemical assessment is more 

important and reliable in the determination of the remission. Since the Acromegaly 

Treatment Workshop in 2000, the criteria for the remission of acromegaly has been 

a normal sex and age-adjusted level of insulin-like growth factor (IGF-1) and less 

than 1 ng/mL of a nadir GH level in oral glucose tolerance test (OGTT). Many 

recent studies have shown that the current biochemical criteria is able to indicate a 

safe GH secretion and an absolute cure in most surgically treated patients.4-7 
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Without a consensus on the optimal timing of OGTT, the determination of 

remission has been generally made several weeks or months after the surgery. 

However, if early determination of surgical remission is possible, this would bring 

neurosurgeons many advantages: we could more meticulously evaluate patients 

who are unlikely to achieve remission and possibly conduct a secondary surgery to 

find and remove remnant tumors before significant adhesion develops. There have 

been several reports in which the authors emphasized the importance of early 

biochemical markers for the determination of remission.8-13 In their studies, 

immediate postoperative GH levels, early postoperative mean GH levels and early 

postoperative OGTT were evaluated as predictors. 

With the idea that immediate postoperative serial GH levels and an early 

postoperative OGTT which was taken 1 week after surgery would possibly predict 

the probability of surgical remission, we have prospectively collected laboratory 

data with the same protocol since 1992. We will evaluate the usefulness of these 

two biochemical markers as the early predictive tools of long-term surgical 

remission. 
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II. MATERIALS AND METHODS 
 

1. Patient Population 
 

From January 1992 until December 2008, 338 cases of GH-secreting pituitary 

adenoma were operated by TSA at Yonsei University College of Medicine by a single 

neurosurgeon (S.H. Kim). One hundred and ninety-four patients included in this study 

met the following criteria: 1) the patients strictly monitored with our protocol, 2) 

followed-up longer than 1.5 years, and 3) evaluated with a postoperative OGTT at 

least 3 times. The follow-up duration ranged from 1.5–12.4 years (mean follow-up: 

3.8 years) (Fig. 1). These 194 patients included 79 male and 115 female patients, and 

their ages ranged from 14 to 68 years (mean age: 43.0 years). 

 

 

 

 

 

 

 

 

 

 
   

   

 

Figure 1. Follow-up period of selected 194 patients 
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2. Patient Evaluation 
 

The evaluation included a complete history, physical and neurological examinations, 

and endocrinological and radiological assessment. Preoperatively, all patients 

underwent endocrinological evaluation with a 75g oral glucose tolerance test and a 

combined pituitary function test. Postoperatively, GH was measured 2, 6, 12, 18, 24, 

48, and 72 hours from the point when we finished the tumor removal. An oral glucose 

tolerance test was conducted postoperatively 1 week and 6 months. Thereafter, an 

OGTT was conducted every 6 months for 3 years after surgery and then annually. The 

serum IGF-1 was measured before and after the surgery whenever an OGTT was 

conducted. A combine pituitary function test was performed 1 year after the surgery, 

and at subsequent 1.5-year intervals 2 to 13 years postoperatively. The criteria of 

normal responses were determined as the protocol described in our previous report.14 

This data have been collected prospectively since 1992. They also underwent 

ophthalmological examination regardless of the presence of their visual symptom. 

The assessment of visual acuity and perimetry were performed before surgery and 6 

months after surgery. Radiological evaluation was conducted with dynamic sellar 

magnetic resonance imaging (MRI) using a 1.5 Tesla system (Signa, General Electric, 

Minneapolis, MN, U.S.A.). The MRI evaluation included spin echo T1-weighted (TR 

500 msec/TE 20 msec) images, T2-weighted (TR 3500 msec/TE 100 msec) images, 

and dynamic contrast-enhanced (TR 400 msec/TE 10 msec) images after intravenous 

administration of gadolinium (Gd-DTPA, 0.1 mmol/kg body weight) with a temporal 

resolution of 25 s. With this sequence, preoperative and immediate postoperative 

MRIs were conducted and follow-up MRIs were continued 1, 2, 4, 6, and 8 years after 

surgery. All adenomas were classified according to the modified Hardy’s radiological 

classification scheme.15 
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3. Surgical Procedure 
 

The entire procedure was performed in the same surgical principle as in 

conventional TSA. Tumors were approached differently according to the tumor 

location, size, and the presence of invasion into the cavernous sinus or suprasellar 

space. Intrasellar tumors identified on preoperative MRI were totally removed in all 

cases. When a tumor invaded a cavernous sinus, we made every effort to achieve total 

resection. For small tumors inside a cavernous sinus at the medial portion of the 

internal carotid artery (ICA), they were approached through the windows on the 

medical wall of a cavernous sinus through which the tumor invaded. For the large 

tumors in a cavernous sinus, extended laterally beyond ICA, the anterior wall of the 

cavernous sinus was opened with a far-lateral approach; superior turbinectomy and 

ethmoidectomy including the uncinate process and bulla ethmoidalis. For the tumors 

with large suprasellar and intra-cavernous sinus components compressing 

neurovascular structures, intraoperative MRI (0.15T PoleStar N-20, Medtronic 

Navigation, Louisville, CO, U.S.A.) was used for the safe and complete removal of 

the tumors. Pseudocapsules were always completely removed as it could be a major 

source of tumor recurrence.14 When a dural membrane on the sellar floor looked 

invaded by a tumor, all exposed dura mater was resected out as extensively as 

possible. Whenever a tumor was not visualized under a microscopic view, an 

endoscope was introduced into the surgical field and usefully used for better 

visualization. 

 

4. Assessment of Surgical Remission 
 

Surgical remission was defined as a condition in which the nadir serum GH level 

after an OGTT was less than 1 ng/mL and serum IGF-1 adjusted for age and sex was 

normalized. If the patient’s nadir GH levels in OGTT were slightly higher than 1 
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ng/mL but less than 1.5 ng/mL with normalization of IGF-1 level, they were 

followed-up with radiological and endocrinological evaluation on a regular basis 

without additional treatment. For the patients who showed sustained high IGF-1 

levels and poor suppression of GH in an OGTT 6 months after the surgery, additional 

medical treatment was started including cabergoline or octreotide long- acting release 

(Sandostatin LAR depot; Novartis Pharmaceuticals Corp., East Hanover, NJ) no 

matter whether their tumors were totally removed. A gamma knife surgery was added 

to medical treatment for the patients with a visible tumor mass on postoperative MRI 

if indicated. 

 

5. Statistical analysis 
 

 All data are expressed as mean±standard error. Receiver operating characteristic 

(ROC) analysis was performed to show whether or not immediate postoperative GH 

levels would predict long-term results of surgical remission and their predictabilities 

were compared according to their area under the ROC curve (AUC). With logistic 

regression, the probability of surgical remission was estimated according to GH levels 

at each time of measurement. For the verification of the differences in GH levels 

between a remission group and a non-remission group, a mixed model analysis of 

variance (ANOVA) was used. One week postoperative OGTT was also analyzed with 

ROC analysis and logistic regression. A T-test was used for the verification of the 

difference between the group with delayed remission and the group that showed 

consistent inadequate suppression of nadir GH in OGTT throughout the entire follow-

up period. In all statistical analysis, a P value of less than 0.05 was considered 

statistically significant. 
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III. RESULTS 
 

One hundred and ninety four patients with acromegaly underwent surgery for the 

tumor removal by TSA without any mortality. These 194 cases included 153 cases of 

remission and 41 cases of non-remission. The extent of the tumor removal is shown in 

Table 1 in both the remission group and the non-remission group. Tumors were 

totally removed in all 153 patients in the remission group. In the non-remission group, 

24 out of 41 patients showed sustained inadequate suppression of GH in postoperative 

OGTTs, even though their tumors were totally removed based on surgeon’s 

impression and postoperative MRI. Seventeen patients, whose tumors were not totally 

removed, never achieved remission with only surgery. With the radiological 

classification, the tumors in 17 patients with subtotal removal belonged to a Hardy 

IIIB and IV group; 3 in Hardy IIIB and 14 in Hardy IV. In 16 patients with cavernous 

sinus invasion whose tumors were surgically removed totally, 10 patients achieved 

surgical remission. During the long-term follow-up, there have been no cases with 

recurrence. 

 
Table 1. Extent of tumor removal in a remission and a non-remission group 

Hardy classification Remission Group (N=153) Non-remission group (N=41) 

I 51/51 2/2 

II 32/32 2/2 

III 7/7 5/5 

IIIB 53/53 9/12 

IV 10/10 6/20 

Total 153/153 24/41 

 

Number of patients with total removal / Total number of patients 
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1. Immediate postoperative growth hormone level 
 

The mean level of GH during the immediate postoperative period (2 hours ~ 72 

hours after the surgery) was 0.67 ~ 1.13 ng/mL in the remission group. However, the 

mean immediate postoperative GH level in the non-remission group ranged from 6.48 

~ 8.98 ng/mL. The statistical significance of the difference in GH levels between both 

groups was verified by a mixed model ANOVA (p=0.0023). The standard errors of 

GH levels in the non-remission group were much higher than those in the remission 

group (Fig. 2 & Table 2). 

 

 

 

 
Table 2. Mean level of immediate postoperative growth hormone in a remission group and a 

non-remission group. 

 

 Immediate postoperative growth hormone (ng/mL) 

 2 hour 6 hour 12 hour 18 hour 24 hour 48 hour 72 hour 

non-remission 8.41±2.24 8.71±2.20 8.11±2.17 8.98±2.50 7.12±2.06 7.85±2.29 6.48±1.79 

remission 1.13±0.15 0.85±0.07 0.82±0.06 0.83±0.07 0.67±0.06 0.72±0.07 0.81±0.09 
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Figure 2. Mean level of growth hormone (GH) in a remission group and a non-remission 

group. This shows a significant difference in GH levels between both groups (p-value: 0.0023). 

 

 

 

 

In order to evaluate the predictability of immediate postoperative GH levels, ROC 

analysis was performed (Table 3). All GH levels showed good predictability as all of 

their AUC were higher than 0.9. The GH level measured 24 hours after the surgery 

showed the highest predictability and it was followed by 12 hours postoperative GH 

level. The lowest predictability was 72 hours postoperative GH level of which AUC 

was 0.91. 
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Table 3. Predictability of immediate postoperative growth hormone levels 

 

Immediate postoperative 

growth hormone 
AUC 

Standard 

Error 
Confidence Interval 

ranks 

(by AUC) 

2 hour 0.9358 0.0192 0.8981 0.9734 5 

6 hour 0.9481 0.0164 0.916 0.9802 3 

12 hour 0.956 0.0148 0.9271 0.9849 2 

18 hour 0.9399 0.0188 0.9030 0.9767 4 

24 hour 0.9629 0.0134 0.9367 0.9891 1 

48 hour 0.9290 0.0211 0.8877 0.9704 6 

72 hour 0.9149 0.0274 0.8612 0.9686 7 

 

 AUC, area under the curve 

 

 

 

 

As it turned out that all immediate GH levels have excellent predictability of 

surgical remission, when we are given the GH levels with the time of measurement, 

the probability of surgical remission can be estimated with logistic regression (Table 

4). 
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Table 4. Probability of surgical remission according to the immediate postoperative growth 

hormone level. 

Growth hormone 

(ng/mL) 

Probability of surgical remission (%) 
2 Hour 6 Hour 12 Hour 18 Hour 24 Hour 48 Hour 72 Hour 

0.1 94.4 97.5 98.5 97.6 96.0 96.0 96.0 
0.2 94.0 97.1 98.1 97.2 95.4 95.4 95.4 
0.3 93.6 96.6 97.8 96.7 94.9 94.9 94.9 
0.4 93.1 96.2 97.3 96.2 94.2 94.2 94.2 
0.5 92.7 95.6 96.8 95.6 93.5 93.5 93.5 
0.6 92.2 94.9 96.1 94.9 92.7 92.7 92.7 
0.7 91.6 94.2 95.4 94.1 91.8 91.8 91.8 
0.8 91.0 93.4 94.4 93.2 90.9 90.9 90.9 
0.9 90.4 92.4 93.4 92.2 89.8 89.8 89.8 
1 89.8 91.3 92.1 91.0 88.6 88.6 88.6 

1.1 89.1 90.1 90.6 89.6 87.3 87.3 87.3 
1.2 88.4 88.8 88.9 88.1 85.8 85.8 85.8 
1.3 87.6 87.2 86.9 86.4 84.2 84.2 84.2 
1.4 86.8 85.5 84.6 84.5 82.5 82.5 82.5 
1.5 85.9 83.7 81.9 82.4 80.7 80.7 80.7 
1.6 85.0 81.6 79.0 80.0 78.6 78.6 78.6 
1.7 84.0 79.3 75.7 77.5 76.5 76.5 76.5 
1.8 83.0 76.9 72.0 74.7 74.2 74.2 74.2 
1.9 82.0 74.2 68.1 71.7 71.7 71.7 71.7 
2 80.9 71.4 63.8 68.4 69.1 69.1 69.1 

2.1 79.7 68.4 59.4 65.0 66.4 66.4 66.4 
2.2 78.5 65.2 54.8 61.5 63.6 63.6 63.6 
2.3 77.3 61.8 50.0 57.8 60.7 60.7 60.7 
2.4 76.0 58.4 45.3 54.0 57.7 57.7 57.7 
2.5 74.6 54.8 40.7 50.1 54.6 54.6 54.6 
2.6 73.2 51.2 36.3 46.3 51.5 51.5 51.5 
2.7 71.8 47.7 32 42.5 48.4 48.4 48.4 
2.8 70.3 44.1 28.1 38.8 45.3 45.3 45.3 
2.9 68.7 40.6 24.4 35.2 42.3 42.3 42.3 
3 67.1 37.1 21.1 31.8 39.3 39.3 39.3 
4 49.6 12.3 3.9 9.1 15.7 15.7 15.7 
5 32.2 3.2 0.6 2.1 5.1 5.1 5.1 
6 18.6 0.8 0.1 0.5 1.5 1.5 1.5 
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2. Early postoperative oral glucose tolerance test 

 

There have been 127 patients whose nadir GH levels on 1 week postoperative OGTT 

were below 1 ng/mL. Among them, 125 patients showed continuous adequate 

suppression of GH on postoperative OGTTs throughout their entire follow-up period 

(Table 5). Only 2 patients (1.57%) whose nadir GH level in one week postoperative 

OGTT was below 1 ng/mL were finally moved to a condition of non-remission. The 

sensitivity of one week postoperative OGTT for the surgical remission was 81.7% 

and its specificity was 95.1%. 
 

Table 5. Correlation between the result of one week postoperative oral glucose tolerance test 

and long-term outcome. 

 

 
Long-term 

Remission 

Long-term 

Non-remission 

Remission on 1 week OGTT 

(N=127) 
125 2 

Non-remission on 1 week OGTT 

(N=67) 
28 39 

 

OGTT, oral glucose test 

 

Sixty-seven patients whose nadir GH levels were higher than 1 ng/mL on the one 

week postoperative OGTT took two different courses; one group of 28 patients 

achieved delayed remission and the other group of 39 patients showed sustained long-

term non-remission (Fig. 3). Between these two groups, the mean GH levels of a 

group of delayed remission were significantly (p=0.0049) higher than those of a 

group of sustained long-term non-remission. 
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Figure 3. A group with delayed remission. There is a significant difference (p=0.0049) 

between a group with delayed remission and a group with sustained non-remission. 

 

The nadir GH levels in one week postoperative OGTT turned out to have an excellent 

predictability for the surgical remission as its AUC was 0.95 under ROC analysis. 

With logistic regression, the probability of surgical remission was estimated. When 

the nadir GH level on 1 week postoperative OGTT is 1 ng/mL, about 88.9% of 

probability of surgical remission is expected (Fig. 4 & Table 6). However, when it is 

higher than 4 ng/mL, we can hardly expect the patients would achieve surgical 

remission later. 

Mean growth hormone 

1.58±0.10 ng/mL 

Mean growth hormone 

8.93±2.46 ng/mL 
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Figure 4. The probability of surgical remission according to the nadir growth hormone level 

on 1 week postoperative oral glucose tolerance test 
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Table 6. Nadir growth hormone level on one week postoperative oral glucose tolerance test 

and its corresponding probability of surgical remission. 

 

GH level (ng/mL) Remission (%) 

0.1 98 
0.2 97.6 
0.3 97.1 
0.4 96.5 
0.5 95.7 
0.6 94.8 
0.7 93.7 
0.8 92.3 
0.9 90.8 
1 88.9 

1.1 86.7 
1.2 84.2 
1.3 81.3 
1.4 78 
1.5 74.3 
1.6 70.2 
1.7 65.8 
1.8 61.1 
1.9 56.1 
2 51.1 

2.1 46 
2.2 41 
2.3 36.2 
2.4 31.6 
2.5 27.4 
2.6 23.5 
2.7 20 
2.8 17 
2.9 14.3 
3 12 
4 1.7 
5 0.2 

 

GH, growth hormone; OGTT, oral glucose tolerance test 
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IV. ILLUSTRATIVE CASE 
 

A 49-year-old male patient presented with an acromegalic feature. Endocrinological 

and ophthalmological examination revealed panhypopituitarism and mild visual field 

defect. Preoperative sellar dynamic MRI showed a pituitary adenoma with extension 

into a suprasellar space and a right cavernous sinus (Fig. 5A & B). The nadir GH level 

on the preoperative OGTT was 87.5 ng/mL. The tumor was removed gross totally 

with TSA and cavernous sinus was not opened because we could not find any defect 

on the medial wall of the right cavernous sinus. After the surgery, most of the 

immediate postoperative GH levels were much higher than the level that had been 

shown in the remission group (Table 7). The patient was evaluated with strong 

suspicion of a remnant tumor. With high resolution sellar dynamic MRI, a suspicious 

remnant tumor was found on the dorsal surface of the right cavernous ICA (Fig. 5C). 

On the 5th postoperative day, the patient underwent a second surgery with TSA. We 

opened the medial wall of the right cavernous sinus, and the tumor was found on the 

superolateral portion of the right ICA and removed. After the second surgery, the 

serial immediate postoperative GH levels were much lower than those after the first 

surgery. One week postoperative OGTT showed 0.94 ng/mL of a nadir GH, of which 

the corresponding probability of surgical remission was 90.1% according to the 

equation from logistic regression. The patient has been followed-up for 2 years with 

0.72 ng/mL of a nadir GH level on the latest OGTT. The postoperative MRI which 

was taken 2 years after the second surgery showed no remnant or recurrent tumor 

(Fig. 5D). 
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Figure 5. A preoperative magnetic resonance imaging (MRI) shows a pituitary adenoma 

which is extended to a right cavernous sinus and a suprasellar space (A & B). A postoperative 

sellar dynamic MRI shows a suspicious remnant tumor (white arrow) inside right cavernous 

sinus (C). The remnant tumor was totally removed with the second surgery and the latest 

follow-up MRI shows no remnant tumor (D). 
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Table 7. Immediate postoperative growth hormone levels in an illustrative case 

 
Growth Hormone (ng/mL) 

2 Hour 6 Hour 12 Hour 18 Hour 24 Hour 48 Hour 72 Hour 

After      

1st surgery 

1.77 

(83.6%) 

1.41 

(85.4%) 

1.66 

(77.0%) 

1.82 

(74.1%) 

0.75 

(93.0%) 

1.46 

(81.4%) 

1.45 

(85.1%) 

After      

2nd surgery 

0.47 

(92.8%) 

0.93 

(92.1%) 

0.92 

(93.1%) 

0.70 

(94.1%) 

0.45 

(96.1%) 

0.40 

(94.2%) 

1.09 

(89.0%) 
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V. DISCUSSION 
 

The remission of acromegaly is defined by a normal concentration of IGF-1 and 

adequate suppression of GH in OGTT. Although there have been many reports that 

these two biochemical markers do not always show compatible results16-19, both are 

essential in the determination of remission in acromegaly. As the action of GH is 

mediated by IGF-1, IGF-1 is a very accurate predictor of disease status in 

acromegaly. It is a more specific parameter than random GH level or 24 hours 

mean GH measurement, and especially useful in mild degrees of GH excess.19 

However, we should consider several conditions that could affect the serum 

concentration of IGF-1; IGF-1 is decreased in malnutrition and liver disease, and 

elevated in pregnancy and adolescence.19-20 And, normal IGF-1 values range widely 

and must be adjusted according to the sex and age. Moreover, this parameter begins 

to be stabilized several months after the surgery, whereas GH drops rapidly right 

after the surgery. Thus, it is very doubtful that IGF-1 could be used as an early 

predictor for the remission of acromegaly.  

We thought immediate postoperative GH levels and early postoperative OGTT 

could be reliable early predictors for the surgical remission, and evaluated their 

usefulness. 

 

1. Immediate postoperative growth hormone level 
 

We observed that the GH level rapidly dropped during the immediate postoperative 

period. Considering the half life of human growth hormone in plasma is only 20 to 

30 minutes, GH is expected to decrease rapidly to the normal level if the tumor has 

been totally resected out. There have been many reports with the idea that the 

immediate postoperative GH level could be an early predictor for surgical remission. 

Some authors reported their method in which GH was serially measured 
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intraoperatively after tumor removal.9,10,13 They mentioned their method improved 

the result as the resectability was increased and a second therapy could be more 

often avoided. However, although they mentioned their technique enabled them to 

perform a GH assay in 30 minutes, this method is not always available and 

intraoperative measurement of GH is generally time-consuming and has been rarely 

used. Some authors evaluated the usefulness of early postoperative GH level as a 

predictor.8, 12 In their studies, GH was measured from 2 days to 1 week after the 

surgery, and turned out to be highly predictive for the long-term outcome after the 

surgery for acromegaly. However, their studies were conducted in a small number of 

patients and lacked long-term follow-up. 

In our study, we also found that immediate postoperative GH levels were strong 

predictors for the surgical remission, which was verified by statistical analysis with a 

large number of patients and long-term follow-up. Furthermore, the probability of 

surgical remission was estimated when the GH level was given with the timing of 

the measurement. But we think all immediate postoperative GH levels should be 

considered as a set of parameters in the prediction of remission because GH 

secretion is pulsatile. The patient in the illustrative case showed higher levels of 

immediate postoperative GH levels than the mean GH levels in the remission group 

except for the 24 hour postoperative GH level, which was excluded from data 

interpretation as we thought it might had been caused by sampling error or effect of 

GH pulsatility. 

 

2. Early postoperative oral glucose tolerance test 
 

The suppression of GH in OGTT is currently the most reliable parameter for the 

determination of the remission of acromegaly. The cut-off value of normal glucose-

suppressed serum GH concentration has become increasingly stringent over the 

years, and it is generally accepted that the criteria for the remission of acromegaly 
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is a normal age-adjusted level of IGF-1 and less than 1 ng/mL of a nadir GH level 

in OGTT. Even though there have been suggestions of lowering the cut-off of less 

than 1 ng/mL to values approaching the nadir obtained in healthy subjects19-21, 

many of the recent reports showed that less than 1 ng/mL of a nadir GH level is 

enough to define remission of acromegaly.6 However, it is still unclear if the result 

of OGTT is also reliable in such an early postoperative period and there is a report 

in which OGTT becomes more reliable at 3 months postoperatively.7 On the other 

hand, there have also been few reports that early postoperative GH levels were a 

highly predictive value for long-term outcome after surgery for acromegaly 8, 12. 

Also, their studies were conducted in a small number of patients and lacked a long-

term follow-up; we analyzed our data of 194 patients with a long-term follow-up 

and concluded that one week postoperative OGTT is a very reliable test in the 

prediction of surgical remission. Based on the ROC analysis, one week 

postoperative OGTT has an excellent predictive value. When the cut-off value is 

1.08 ng/mL, the predictability (AUC) was 0.907, the maximum. And, the AUC was 

0.888 with 1 ng/mL given as a cut-off value, which was almost the same as the 

maximum (Table 8). Thus, when OGTT is performed 1 week postoperatively, we 

think the cut-off value of 1 ng/mL of a nadir GH is a reasonable. 
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Table 8. Probability of surgical remission according to a nadir growth hormone level as a 

cut-off value 

 

Nadir GH level on 1 week 

OGTT(ng/mL) 

Probability for 

remission (%) 
Sensitivity(%) Specificity(%) AUC 

0.02 0.98334 0.026 1 0.513 

0.03 0.98301 0.033 1 0.5165 

0.04 0.98266 0.046 1 0.523 

0.05 0.98231 0.072 1 0.536 

0.06 0.98196 0.092 1 0.546 

0.32 0.96973 0.542 1 0.771 

0.4 0.96455 0.562 0.976 0.769 

1 0.88901 0.824 0.951 0.8875 

1.03 0.88284 0.83 0.951 0.8905 

1.06 0.87636 0.843 0.951 0.897 

1.07 0.87414 0.856 0.951 0.9035 

1.08 0.87188 0.863 0.951 0.907 

2.17 0.42456 0.967 0.585 0.776 

2.21 0.40478 0.974 0.561 0.7675 

2.34 0.34286 0.98 0.561 0.7705 

2.5 0.27355 0.987 0.561 0.774 

2.55 0.25377 0.993 0.561 0.777 

2.95 0.1308 0.993 0.537 0.765 

13.37 0 1 0 0.5 
 

AUC, area under the curve; GH, growth hormone; OGTT, oral glucose tolerance test 
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3. Delayed remission 
 

At the point of one week after surgery, GH was not suppressed below 1 ng/mL in 

67 patients. Among them, 28 patients showed delayed remission with a mean nadir 

GH of 1.58±0.10 ng/mL. The other 39 patients, whose mean nadir GH level was 

8.93±2.46 ng/mL, never achieved surgical remission. There was a significant 

(p=0.0049) difference in the nadir GH levels between the two groups. Six of 39 

patients with sustained non-remission were lost during the follow-up and another 28 

needed additional treatment including medication and gamma knife surgery. The 

other 5 patients were followed-up without additional treatment as their nadir GH 

levels were slightly higher than 1 ng/mL (mean level: 1.21 ng/mL, range from 1.04 

to 1.38 ng/mL). In 28 patients with delayed remission, nadir GH levels dropped 

below 1 ng/mL at the point of 25.0±7.0 months (range, 3 ~ 136 months) after 

surgical treatment. This means that surgeons might be able to observe the patients 

who did not meet the remission criteria in an early postoperative period without 

medication for a certain period of time. To define the patients who can be simply 

followed-up without medication for a certain period of time after surgery, more 

detailed evaluation and analysis should be followed in the future. 
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VI. CONCLUSION 
 

All immediate postoperative GH levels are good predictors for the remission of 

acromegaly when they are considered as a set of parameters. One week postoperative 

OGTT is also a strong predictor of the long-term remission with high specificity. 

When patients do not show a proper drop or suppression of GH in an early 

postoperative period and consequently have low possibility of long-term remission of 

acromegaly, surgeons should check for the presence of a remnant tumor. If a remnant 

tumor is found on the postoperative MRI, revision surgery should be considered 

before serious adhesion develops which increases the risk of surgical mortalities and 

morbidities. 
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< ABSTRACT (IN KOREAN)> 

말단비대증에서 장기적인 관해 여부를 예측하는데 

수술 직후 측정된 성장 호르몬 수치와  

조기 경구 포도당 부하 검사가 가지는 유용성 

 

<지도교수 김 선 호> 

 

 

연세대학교 대학원 의학과 

 

김 의 현 

 
 
 

목적: 말단비대증에서 경구 포도당 부하 검사는 관해를 결정할 수 있는 

가장 신뢰도 높은 검사로 받아들여지고 있다. 본 연구에서는 수술 직후 

측정된 성장 호르몬 수치와 조기 경구 포도당 부하 검사가 장기적인 관해 

여부를 예측할 수 있는지를 분석하였다. 

재료 및 방법: 1992년부터 2008년 사이에 본원에서 338명의 발단비대증 

환자가 경접형골 접근에 의한 선종 제거술을 시행 받았다. 이들 환자에서 

종양이 제거된 시점으로부터 2, 6, 12, 18, 24, 48, 72시간 후에 혈중 

성장호르몬 수치가 측정되었고, 경구 포도당 부하 검사는 수술 후 1주일, 

첫 3년은 매 6개월마다, 그리고 그 후로부터는 매년마다 실시되었다. 본 

연구는 수술 후 최소한 3번 이상의 경구 포도당 부하 검사와 함께 최소 

1.5년 이상 추적관찰 된 194명의 환자를 대상으로 하였다. 이 중 153명은 

장기적으로 관해가 유도되었고 나머지 41명에서는 유도되지 않았는데, 이 

두 집단간의 차이를 분석, 비교하였다.  
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결과: 환자들은 수술 후 평균 3.80±0.17 년 동안 평균 5.0±0.14 번의 경구 

포도당 부하 검사와 함께 추적 관찰되었다. 이 중 177명에게서는 종양이 

모두 제거되었으며, 이 중 153명에게서만 관해가 유도되었는데, 이에는 

53명의 해면정맥동이 침범되었던 환자들이 포함되었다. 관해가 유도되지 

않은 41명의 환자 중에서, 3명의 해면정맥동이 침범된 경우를 포함하여 

모두 17명의 환자에게서 종양을 모두 제거하지 않았다. 수술 직후 측정된 

모든 시점에서 성장호르몬 수치는 장기적인 관해를 예측하는데 탁월한 

지표임이 증명되었는데, 수술 후 24시간 째 측정된 성장 호르몬 수치가 

가장 예측력이 우수하였다. 수술 후 1주일 째 시행된 경구 포도당 부하 

검사 결과 역시 관해가 유도된 집단과 그렇지 못했던 집단 간에 명확한 

차이를 보였다. 수술 후 1주일 째 시행된 경구 포도당 부하 검사는 

81.7%의 민감도와 95.1%의 특이도를 가진 것으로 나타났다. 수술 후 1주일 

째 시행된 경구 포도당 부하 검사 상에서 1 ng/mL 이하로 성장호르몬이 

억제되었던 127명 중에서, 오직 2명 (1.57%)만이 장기 추적 관찰 끝에 

관해가 유도되지 않은 것으로 드러났다.  

결론: 수술 직후 측정된 성장호르몬 수치들과 수술 후 1주일 째 시행된 

경구 포도당 부하 검사 결과는 말단비대증의 장기적인 관해 여부를 

예측하는데 매우 높은 신뢰도를 가졌다. 그러므로, 이들 조기 예측 

인자들이 낮은 수술 후 관해 가능성을 보이는 경우, 잔존 종양이 있을 

가능성에 대해 정밀 검사를 할 수 있고, 만약 종양이 발견된다면 유착이 

오기 전에 조기에 재수술을 시행하므로 완전 관해를 유도할 수 있을 

것이다. 

 

----------------------------------------------------------------------------------------------- 
핵심되는 말: 말단비대증, 관해, 조기 예측, 성장 호르몬, 경구 
포도당 부하 검사, 생화학적 지표 


