Int J Clin Exp Med 2016;9(6):11147-11156
www.ijcem.com /ISSN:1940-5901/1JCEM0021269

Original Article

Clinical characteristics and surgical

treatment of pituitary adrenocorticotropin-secreting
macroadenomas: experience from a single-centre study

Yufan Chen?", Shuaiwei Tian?*, Fangfang Jian?, Liuguan Bian?, Qingfang Sun?

1Department of Neurosurgery, Ruijin Hospital, Shanghai Jiaotong University School of Medicine, No. 197, Ruijin
Er Road, Shanghai 200025, China; 2Department of Neurosurgery, Shanghai Ninth People’s Hospital, Shanghai
Jiaotong University School of Medicine, No. 639, Zhizao Ju Road, Shanghai 200011, China. "Equal contributors.

Received December 6, 2015; Accepted March 19, 2016; Epub June 15, 2016; Published June 30, 2016

Abstract: Cushing’'s disease due to adrenocorticotropin (ACTH)-secreting macroadenomas is rare. The aim of
this study was to evaluate the clinical characteristics and biochemical assessment of patients with corticotroph
macroadenomas,and the early and late outcomes of transsphenoidal surgery as the first surgical approach during
a long-term follow-up. We performed a retrospective review of 20 patients with Cushing’s disease due to macroad-
enomas and 126 patients with ACTH-secreting microadenomas. We found that macroadenomas patients presented
with higher ACTH levels than those of microadenomas. The percentage of patients having >50% suppression (of
...?7) was significantly different between the patients with macroadenoma and microadenomas. The mean of corti-
sol and ACTH levels evaluated at the first day after operation was significantly reduced. Immediate remission was
achieved in 90 of 126 (71.4%) microadenoma patients, and delayed remisson (within a month after operation) was
achieved in 109 of 126 (86.5%). UFC levels before operation was significantly higher in non-remission patients
than that of remission group. For imaging, the tumour size was significantly larger in non-remission patients than
in remission ones. In a word, patients with ACTH-secreting pituitary macroadenomas show higher baseline ACTH
levels but increased glucocorticoid suppressibility compared with patients with microadenomas, Increased tumor
size or UFC level are unfavorable factors to indicate remission after transsphenoidal surgery. Moreover, TSS plays
an important role in achieving long-term remission not only for intrasellar microadenomas but also for extrasellar
macroadenomas.

Keywords: Cushing’s disease, macroadenoma, clinical characteristics, transsphenoidal surgery

Introduction endogenous glucocorticoids that induce many

characteristic endocrine consequences. Unlike

Cushing’'s disease (CD) is characterized by
hypercortisolism in the setting of excessive
adrenocorticotropin (ACTH) secretion by a pitu-
itary corticotroph adenoma. While rare, it is
associated with significant morbidity and mor-
tality [1, 2]. By high-resolution magnetic reso-
nance imaging (MRI), a pituitary microadenoma
defined as being less than 1 cm in maximal
diameter can be found in most patients.
However, an ACTH-secreting pituitary macroad-
enoma presents in only 4-10% of patients with
Cushing’s disease [3]. As a rare disease, the
incidence of Cushing’s disease is estimated to
be 1-3 cases per million inhabitants per year
[4]. Patients with CD are exposed to excessive

microadenoma, ACTH-secreting macroadeno-
mas can grow rapidly and become so large as
to induce symptoms due to mass effect. Ma-
croadenomas can lead to visual field distur-
bances, compression of cranial nerves, hypopi-
tuitarism, and infiltration of the cavernous si-
nuses [5]. Because the occurrence of macroad-
enomas is such rare, there are few literatures
regarding the characteristics and treatment of
patients with pituitary macroadenomas. It has
been reported that patients with pituitary ACTH-
secreting macroadenoma is characterized by
different biochemical features compared with
microadenomas. The baseline hormonal asse-
ssment of patients with macroadenomas sh-
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owed a clear difference from the microadeno-
mas. Both ACTH and cortisol levels is signifi-
cantly higher in patients with macroadenoma
than those of microadenom as, moreover,
reduced ACTH and cortisol suppressibility after
standard dexamethasone testing presented in
macroadenoma patients [3, 6]. In another st-
udy, it was suggested that increased plasma
ACTH concentrations may be a more sensitive
indicator of neoplastic corticotrophs than the
UFC or 17-OHCS response to standard high
dose dexamethasone testing [7]. Some studies
showed that increased tumor size or invasion of
the cavernous sinus were unfavourable prog-
nostic factors for surgical therapy and mac-
roadenomas are more refractory to convention-
al treatments than microadenomas [8, 9],
however, the correlation between tumor size
and surgical outcome remains controversial
[10].

Pituitary macroadenomas are histologically be-
nign and do not undergo malignant transforma-
tion, but subsequent pressure of important
structures, makes them difficult to cure. Tran-
ssphenoidal surgery treatment is useful for pi-
tuitary adenoma especially for intrasellar tu-
mors. The aim of this study was to compare the
clinical and biochemical characteristics of pitu-
itary macroadenomas compared with microad-
enomas, and present the results of transsphe-
noidal surgery as the first surgical approach for
patients with macroadenomas, a long-term fol-
low-up results was also showed in our study.

Methods
Patients

In a period from July 2007 until May 2015, a
total of 20 patients newly diagnosed with
Cushing’s disease due to ACTH-secreting pitu-
itary macroadenomas at the Department of
Neurosurgery of Ruijin Hospital, Shanghai Jiao
Tong University School of Medicine. The study
population also comprised 126 patients with
ACTH-secreting microadenomas. The patients
who underwent second surgery or received first
time treatment in other hospital and patients
have no visible adenoma on MRI were not
included in this study. All patients with CD con-
firmed by histology, or by bilateral inferior petro-
sal sinus sampling (BIPSS) and pituitary imag-
ing technique, or by remission of clinical signs
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from retrospective assessment after pituitary
surgery.

Data was retrospectively collected by reviewing
inpatient medical records, outpatient medical
records and reports of the surgical procedure.
Pituitary functions were evaluated at the time
of medical assessment, and endocrine defi-
ciencies were determined according to normal
range adopted by Clinical Laboratory for
Endocrinology of Ruijin Hospital.

Patients’ demographic characteristics, preop-
erative imaging features (size, location and
characteristics) and follow-up were reviewed.

Imaging

Dynamic pituitary MRI was obtained in all
patients, using a superconducting magnet 1.5-
tesla scanner (Signa; General Electric, Milwau-
kee, WI, USA). The size of the adenoma was
recorded as the largest diameter on any plane
from pre-operative imaging studies, ‘microade-
noma’ if a pituitary adenoma <10 mm of diam-
eter was evident, or ‘macroadenoma’ if tumour
diameter was 210 mm. Imaging studies were
independently reviewed by the neuroradiolo-
gist, endocrinologist and the patient’s neuro-
surgeon. Tumor location was classified accord-
ing to the preoperative radiology report as CSI
(cavernous sinus invasion), SS (supra-sellar), IS
(intra-sellar).

Statistical analysis

The statistical analysis was performed using
SPSS (version 13.0). Continuous data was ana-
lyzed using the Mann-Whitney test, whereas
qualitative differences were evaluated with x2
test or Fisher’s exact test as appropriate. Data
was presented as mean + SEM or median
(range) for continuous variables and as number
(percent) for categorical variables. The criterion
of P<0.05 was chosen for statistical signifi-
cance.

Results
Clinical characteristics

Patients with macroadenomas had a mean age
at diagnosis of 38.8+3.1 yr while 36.9+1.1 yr of
patients with microadenomas. The population
of macroadenoma patients comprised 18 fe-
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Table 1. Age, gender, BMI, disease duration, tumor size, and follow-

up duration of all patients

pg/ml, P<0.05) than those
of microadenomas, where-

as plasma cortisol and UFC

No. Age Sex BMI  Disease dura-  Tumor Surgical  Follow-up s )
(years) (Kg/m?) tion (months) size (mm) procedures (months) levels were similar in patie-
1 57 M 2704 120 177 TSS 72 nts with macroadenomas
2 35 F 2581 28 10.0 7SS 84 and microadenomas, _diff-
3 26 F 2294 48 10.0 1SS 24 erence between them did
not reach statistical signific-
4 58 F 27.76 144 11.0 TSS 60 ance (28.7+3.1 vs 30.4+
5 54 F 2830 6 24.0 TSS 48 1.6 ug/dl, P>0.05; 602.9+
6 27 F 25.00 36 12.0 TSS 12 160.4 vs 570.1+36.74 ug/
7 19 F 22.76 24 121 TSS 16 24 h-urinary, P>0.05) (Fi-
8 20 F 2178 3 10.0 TSS 18 gure 1). Low-dose dexame-
9 36 F 25.48 24 10.0 TSS 12 thasone administration did
10 56 F 3396 12 25.0 TsS 12 not adequately inhibit corti-
11 34 F 2539 14 14.0 7SS 24 sol levels in any of the
12 30 F 2539 36 11.0 7SS 6 patients. Only 1 of 20 mac-
roadenoma patients (5%)
13 36 F 26.45 24 14.0 TSS 6 showed decreased plasma
14 37 F 2070 12 220 S8 4 ACTH, serum cortisol and/or
15 35 F  30.36 84 13.5 TSS 0 UFC levels while in 16
16 38 F 2283 12 10.0 TSS 9 patients (12.7%) of microad-
17 34 F  29.09 120 10.0 TSS 5 enoma, however they did
18 72 F 23.05 240 17 TSS 3 not significantly differ bet-
19 41 M 26.03 60 101 TSS 0 ween the two groups (P>
20 31 F 2383 24 10.1 TSS 0 0.05). As regards high-dose

M, male; F, female.

dexamethasone administ-
ration (HDDST), the full

males and 2 males patients (the female-to-
male ratio is 9:1). The median duration of fol-
low-up was 12 months (range 0-84 months),
and the mean disease duration (estimated by
the time elapsed from the appearance of the
first signs and symptoms of hypercortisolism
to diagnosis) was 53.5+13.5 months. Only
one patient was younger than 20 years. As
regards clinical features, the major clinical fea-
tures noted were moon facies (81.3%), buffalo-
hump (50.0%), obesity (56.3%), facial plethora
(50.0%), hypertension (62.5%), dropsy (37.5%),
muscle atrophy (31.3%), hirsutism (50.0%), pur-
ple striae (50.0%), ecchymoses (31.3%), and
acne (50.0%). None of these features was sig-
nificantly different from those patients with
microadenomas. Eight of twenty patients with
macroadenomas (40%) had evidence of a visu-
al field defect. Age, gender, BMI and other char-
acteristics of macroadenoma patients are pre-
sented in Table 1.

Baseline endocrine evaluation and response
to dexamethasone

Patients with macroadenomas presented with
higher ACTH levels (161.0+33.1 vs 114.316.9
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results were available in all
patients, including patients with macroadeno-
ma and microadenomas, the percentage of
patients having >50% suppression was signifi-
cantly different between the two groups (95.0%
vs 75.3%, P<0.05). An impairment of the hypo-
thalamic-pituitary function and some complica-
tions of macroadenomas patients were also
detected, central hypothyroidism (as proven by
low baseline serum free thyroxine, free triiodo-
thyronine and thyrotrophin (TSH) levels) was
detected in 8 cases (40%), hypogonadism (eval-
uated on the basis of clinical history or serum
levels of FSH, LH, PRL and sex hormones:
estradiol, progestin, testosterone) in 5 cases
(25%). Lipid profile, coagulation and fibrinolysis
function were evaluated at diagnosis in all
patients, using standard methods, we observed
4 cases (20%) presented with hypercoagulabil-
ity and 8 cases (40%) with dyslipidaemia.

Radiological features
The mean diameter of pituitary macroadenoma
was 13.7+4.9 mm (range 10-25 mm). Imaging

revealed a suprasellar extension in eight of 20
(40%), and cavernous sinus invasion in 6 of 20

Int J Clin Exp Med 2016;9(6):11147-11156
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Figure 1. Plasma ACTH, serum cortisol and urinary free cortisol (UFC) levels at entry in patients with macroadeno-
mas and microadenomas. *P<0.05.

Table 2. Tumor characteristics, visual field defect and outcome

characteristic are showed in

after surgery of all patients Figure 2.
Patient . Visual Tumpr csl BIPSS Short-term Recurrence Initial surgical outcome
No. disturbances location outcome
1 + SS + - Remission - All patients underwent trans-
2 - SS - - Remission - sphenoidal surgery (TSS) as
3 - IS + - Not Remission - first line treatment after diag-
4 B, 1S - _ Remission _ nosed as Cushing’s disease
5 SS -+ -  NotRemission + due to pituitary macroaglen-

. oma. Immunohistochemistry
6 IS - - Remission - :
- ss N N Remission was performed and was posi-

T tive for ACTH in all cases.
8 ) IS - Left  Remission ’ Compared with pre-surgical
9 * 1S - Right  Remission . endocrine evaluation results,
10 - §§ - - NotRemission * 15 cases (75.0%) showed de-
11 - IS + Right  Remission - creased ACTH, cortisol and
12 + IS - - Remission - UFC levels within a week aft-
13 - IS - Left Remission - er operation while 4 (20.0%)
14 ¥ ss ¥ - Not Remission B cases within a month after
15 ; ss B B Remission Death transsp'henoidal surgery, one
16 + S - Right Remission ) case without decreased en-

. docrine hormone levels dur-
17 - IS - - Remission - .

o ing two years follow-up. How-

18 * SS i - Nt Re.m|§3|on i ever, the mean of cortisol
19 . 1S . . Remission . and ACTH levels evaluated at
20 - IS - - Remission

- the first day after operation

CSl: Cavernous sinus invasion; SS: supra-sellar; IS: intra-sellar; BIPSS, Bilateral
Inferior Petrosal Sinus Sampling; Left, higher secretion of ACTH in left side; Right,
higher secretion of ACTH in right side; N, no distinction between left and right side

for ACTH secretion.

(30%), among the six patients, one presented
with cavernous sinus invasion after recurrence
(Table 2). The tumor was partly cystic (20%). No
other brain involvement was observed on initial
MRI of all 20 patients. MRI evaluation was
taken at least one time after the first operation
in 17 of twenty patients, only two of them
showed recurrent pituitary adenoma. Imaging
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significantly lower than at ba-
seline (cortisol 28.7+3.1 vs
14.5+4.8 ug/dl, P<0.01; AC-
TH 161.0+33.1 vs 53.7+24.1
pg/ml, P<0.01), the UFC level
of pre- and post-operation did not differ signifi-
cantly (602.9+160.4 vs 439.3+118.9 ug/24
h-urinary, P>0.05). Thus, only one patient (No.
3) was considered primary treatment failures
because of postoperative absolute or relative
hypercortisolism. By way of comparison, remis-
sion immediate (within a week after operation)
was achieved in 90 of 126 (71.4%) microade-

Int J Clin Exp Med 2016;9(6):11147-11156
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Figure 2. Magnetic Resonance Imaging evaluation before TSS (case 14). A and B showing sagittal T1 MRI scans and
contrast enhanced T1 MRI image through pituitary fossa; C and D showing the coronal and contrast enhanced T1
MRI scans. A pituitary macroadenoma was detected from the image, which demonstrating even uptake of contrast
and a lower enhancement than surrounding normal pituitary gland, and elevating and compressing optic chiasm.
The adenoma extended to the sphenoid sinus with destructing the sellar floor. The right cavernous sinus was com-
pressed and the adenoma surrounded the right internal carotid artery partially.

noma patients, and remisson delayed (within a
month after operation) was achieved in 109 of
126 (86.5%), difference of the two remission
rate between micro- and macroadenomas did
not reach statistical significance (75.0% vs
71.4%, P>0.05; 95.0% vs 86.5%, P>0.05). The
evaluation of demographic characteristics, im-
aging features and endocrine hormone assess-
ment between remission and non-remission
group (including remission delayed and not
remission during follow-ups) are showed in
Table 3. UFC levels were significantly higher in
non remission patients than that of remission
group (786.8 (288.9-3352.0) vs 349.9 (146.5-
1240.0), P<0.05), while serum cortisol and
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ACTH levels were not significantly different
between the two groups. For imaging, the
tumour size was significantly larger in non-
remission patients (22.0 (10.0-25.0) mm) than
in remission ones (11.0 (10.0-17.7) mm,
P<0.05). The percentage of adenoma with cav-
ernous sinus invasion or suprasellar extension
did not differ significantly between two groups.
CSI was detected in 3 out of 15 remisson
patients (20.0%) and 2 out of 5 non-remission
ones (40.0%). Age at diagnosis, gender, dura-
tion of symptoms and BMI (Body Mass Index)
were also not significant different between two
groups. After surgery, two patients (No. 12 and
No. 15) presented with cerebrospinal fluid leak-

Int J Clin Exp Med 2016;9(6):11147-11156
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Table 3. Demographic, clinical characteristics and biochemical assessment of patients between re-
mission and not remission (including remission delayed and not remission during follow-up) patients

with macroadenomas

Remission immediate

Remission delayed and not

(n=15) remission (n=5) Pvalue

Demographic characteristics

Age (years) 35 (19-58) 54 (26-72) 0.149

Male gender 2/15 0/5 1.000

BMI (kg/m?) 25.48 (21.78-30.36) 23.05 (20.70-33.96) 0.760

Disease duration (months) 28 (3-144) 12 (6-240) 0.455
Characteristic of tumor

Tumor size (mm)* 11.0 (10.0-17.7) 22.0 (10.0-25.0) 0.034

CSl 3/15 2/5 0.560

SS 4/15 4/5 0.109

IS 11/15 1/5 0.109
Visual field defect 5/15 3/5 0.347
Endocrine hormone assessment

8AM 23.9 (15.6-61.5) 29.10 (20.3-49.0) 0.206

UFC* 349.9 (146.5-1240.0) 786.8 (288.9-3352.0) 0.032

ACTH 100.4 (25.7-556.5) 171.5 (68.2-499.3) 0.206
Follow-up (months) 12 (0-84) 12 (3-48) 0.765

CSl: Cavernous sinus invasion; SS: supra-sellar; IS: intra-sellar; *p<0.05.

age, bost of them can not relieve by lying flat,
then conducted lumbar drainage, No. 12 pa-
tient did not show CSF leakage any more after
drainaging, however it did not work for No. 15
and required reoperation to re-patch, however,
No. 15 patients died after second transsphe-
noidal surgery with the cause unknown. No
patients suffered from post-operative meningi-
tis within the first 30 days after surgery and
during follow-up.

Follow-up

The median duration of follow-up was 12
months (range 0-84 months). Nine patients
needed substitution with cortisone acetate for
a long time while four patients of them need
life-long replacement treatment (patients 5, 7,
9, 12). Cushing’s disease recurred in two which
had clinical, biochemical evidence of recurrent
hypercortisolism and evidence of adenoma by
pituitary MRI evaluation (No. 5, No. 10) out of
19 patients (one patient died). No. 5 patient
underwent conventional radiotherapy in Ruijin
Hospital, endocrine hormone level decreased
after radiotherapy, but then showed hypoadre-
nalism that need life-long replacement treat-
ment after three years. The other relapsed
patient (No. 10) underwent transsphenoidal
surgery again. One patient (No. 3) was consid-
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ered primary surgical treatment failure which
presented with persistent hypercortisolism,
one year after first TSS in our hospital, the
patient received Gamma HKnife treatment in
other hospital, but was lost at follow-up after
that. Flow chart summarizing the outcomes of
therapy of 20 patients with Cushing’s disease
due to macroadenoma are showed in Figure 3.

Discussion

Cushing’s disease is a rare endocrine disorder
characterized by excess secretion of ACTH due
to a pituitary adenoma. In the majority of cases,
adrenocorticotrophin secreting pituitary adeno-
mas are small, intrasellar and less than 1 cm in
maximal diameter. Cushing’s disease due to
macroadenoma is characterized by different
biochemical features compared with microad-
enomas. We performed a retrospective case
review of 20 patients with ACTH-secreting mac-
roadenomas to assess the clinical and bio-
chemical features and the effectiveness of
transsphenoidal surgery, and the outcome
after a long-time follow-up. Patients with active
CD are exposed to excessive endogenous glu-
cocorticoids levels that lead to many character-
istic clinical features, including obesity, signs of
protein wasting, high blood pressure, increased
rate of infections, gonadal dysfunction and

Int J Clin Exp Med 2016;9(6):11147-11156
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Macroadenoma(20)

TSS(20)

No.5

No.10

No.14 No.18 No.3

NG

1101 153/

Remissionn immediate(15) Remission delayed(4) Non-remission(1)
/ No.15 l Radiotherapy(l yr)
CSF leakage(No.12,1M) - l
¢ / \ Follow-up (4ML3M) Non-remission
No.5(16 M) No.10(1 yr) \ l
Radio*herap_v TSS -

No leakage
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—

¥ Blindness(Left eye) —» CSFleakage —» LCFD ——» TSS —» -

No effect

Figure 3. Flow diagram summarizing the outcomes of therapy in 20 patients with ACTH-secreting pituitary mac-
roadenomas. TSS, transsphenoidal surgery; M, month; D, day; CSF, cerebrospinal fluid; LCFD, continued Lumbar

Cerebrospinal Fluid Drainage.

even severe psychic disturbances [11, 12]. Our
study demonstrated the clinical features are
broadly similar between patients with macroad-
enomas and with microadenomas. None clear
distinguishing features was detected other
than visual field defect in macroadenoma
patients, which is in accordance with other
reports [3, 13]. In our study, eight of twenty
patients with macroadenomas (40%) had evi-
dence of a visual field defect which result from
progressive mass effect secondary to pituitary
macroadenoma. The patients did not differ sig-
nificantly in age at diagnose and the female-to-
male ratio is 9:1 (a marked female preponder-
ance with the ratio generally assumed to be
close to 3-8:1 [14]). In Cushing’s disease, rela-
tionship between the size of the adenoma, the
severity of hypercorticism and the clinical pre-
sentation has never been studied systemati-
cally before, but it was reported that the base-
line hormonal assessment of patients with
macroadenomas showed a clear difference
from the microadenomas [3], and we also found
ACTH levels being significantly higher than
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those in microadenomas, however, no signifi-
cant difference in urinary free cortisol or serum
cortisol levels were detected in our study. As
adrenocorticotropin secretion derived from
pituitary adenoma, our results may suggest
that concentration of ACTH is related to the size
of the adenoma. CD patients due to macroade-
nomas present higher plasma ACTH levels than
those with microadenomas, but mean plasma
cortisol levels and UFC were similar between
them, these facts may suggests a more pro-
nounced secretory activity of the pituitary mac-
roadenomas and indicates an weakened adre-
nal sensitivity to ACTH. Moreover, we observed
that corticotroph microadenomas are less
responsive to suppression by high-dose dexa-
methasone compared with macroadenomas,
but our results seem not to corroborate the pre-
vious findings [3, 7]. Moreover, we found no dif-
ferent suppression of cortisol after low-dose
dexamethasone administration. The mecha-
nisms why macroadenomas secrete higher
ACTH has been studied previously, it was pro-
posed that macroadenomas preferentially

Int J Clin Exp Med 2016;9(6):11147-11156
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secrete biologically inactive precursors of ACTH
that could interfere with ACTH measurements
and the secretion of which is not regulated like
that of ACTH [15]. Some suggest that the micro-
environment of the tumor is different in micro
and macro-adenomas, including hypoxia, acc-
essibility to regulating agents and exposure to
auto/paracrine factors, moreover, it was report-
ed that various mutations were responsible for
the escape of the adenoma from glucocorticoid
feedback, and for various patterns of tumour
growth [16-18]. All in all, further investigations
of the mechanisms are essential. Transsph-
enoidal surgery has evolved much over nearly
100 years as treatment for Cushing’s disease
due to pituitary adenoma [19]. With advances
in the understanding of the biology of pituitary
tumours and co-operation between endocrinol-
ogists, surgeons and oncologists, and huge
advances in imaging technique, the effective-
ness of surgical approach has been improved
largely. The objective of TSS is to normalize
hypercortisolism, alleviate clinical symptoms,
reduce the risk of tumour recurrence, and pre-
serve normal pituitary function. The tumor size,
extension, configuration, the magnitude of hor-
monal oversecretion and the experience of the
operating surgeon are the essential factors
that decide the effectiveness of transsphenoi-
dal operation [19]. Transsphenoidal surgery is
the best approach for pituitary microadenoma
that are primarily intrasellar. On the first day
post-surgery, cortisol levels have been deter-
mined for all patients in our study, if serum cor-
tisol levels are still high, further evaluation was
conducted in the next days. We assessed the
outcome of TSS for 20 patients with pituitary
macroadenoma, 15 cases showed decreased
ACTH, cortisol and UFC levels within a week
after operation and 4 cases within a month
after transsphenoidal surgery, only one case
underwent primary treatment failures and pre-
sented with postoperative absolute or relative
hypercortisolism during follow-up. Overall re-
mission rate was 95%. But one patient died
after second transsphenoidal surgery with the
cause unknown, two patients presented with
cerebrospinal fluid leakage that need lumbar
drainage or reoperation, no patients suffered
from post-operative meningitis. Nine patients
needed substitution with cortisone acetate for
a long time and four patients of them needed
life-long replacement treatment. For all the 19
patients, clinical symptoms were partial allevi-
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ated after surgery. In all cases the C-arm image
intensifier had been used for a lateral skull
radiograph during the surgical procedure to
check the trajectory. Although some complica-
tions (including CSF leakage, hypocortisolism)
existed after surgery, transsphenoidal approach
is still an effective and safe treatment for pitu-
itary adenoma even for large intra and supra-
sellar or cavernous sinus invasion pituitary
macroadenomas in our study. CSF leakage is
one of the most commonest surgical complica-
tions which usually evident during surgery and
after surgery, so a meticulous repair of the floor
of the pituitary fossa is essential. In two cases
with CSF rhinorrhea after operation, we did not
use muscle mash and fascia or fat from thigh to
repair the sellar floor. We suggest that it is still
necessary for using subcutaneous fat, muscle
mash or fascia lata to repair the floor of the
pituitary fossa to reduce CSF leakage although
we have no sufficient evidence to verify the
effectiveness.

For experienced surgeons, the remission rate
following transsphenoidal surgery for microad-
enomas ranges from 65%-90% [20]. In our
study, total remission rate is 95% for patients
with macroadenomas while 86.5% for microad-
enomas, and they did not reach statistical sig-
nificance, however, higher remission rate in
patients with microadenomas than those of
macroadenomas was reported by some authors
[8, 21], and they proposed that these observed
differences in remission rates may be due to
differences in biologic behavior (size and inva-
siveness), our results seem to be inconsistent
with previous studies, but we found tumour size
was significantly larger in non-remission
patients than remission ones, so whether
tumor size of pituitary adenoma is a reliable
predictor of the results of surgery is still unclear
and need studied deeply. We analyzed various
factors between remission and non-remission
group (including remission delayed and not
remission during follow-up), only UFC and tumor
size were significant different between two
groups, and we proposed that these two fac-
tors may be predictors of postoperative cure or
the likelihood of remission.

In this study, the median duration of follow-up
was 12 months, short term follow-up become a
defect in this study. Cushing’s disease recurred
in only two cases that one underwent conven-
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tional radiotherapy and the other underwent
transsphenoidal surgery again. Late recurrence
can occur, even in patients defined as remis-
sion during a long time follow-up, so lifelong
follow-up for patients with CD is essential, par-
ticularly for patients who have shown rapid nor-
malization of hypercortisolism.
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