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incomplete resection compared with initial surgery3,4,7,10,17). Ra-
diosurgery and stereotactic radiotherapy can be recommended 
as adjuvant treatments to obtain long-term control with low 
procedure-related morbidity in selective cases. However, the re-
peated surgical resection is inevitable when a tumor is very 
large, close to the optic apparatus, or hormone-secreting.

During the last century, pituitary surgery has been developed 
with various technical modifications and instrumental advanc-
es, and the outcome has been generally excellent, with high 
rates of clinical improvement and endocrinological remission 
and minimal rates of morbidity and mortality11). The introduc-
tion of endoscopy in the trans-sphenoidal approach (TSA) has 
tremendously advanced the midline skull base surgery. In the 
literatures, the efficacy and safety of endoscopic TSA in the 
management of pituitary adenomas have been proven and the 
complication rates of endoscopic TSA are at least comparable 

INTRODUCTION

Pituitary adenoma is a common primary brain tumor with be-
nign features, and surgical resection continues to be the preferred 
treatment with the exception of prolactin-secreting tumors20). 
The nature of the pituitary adenoma itself suggests the possibility 
of tumor recurrence, regardless of its endocrinological character-
istics. Recurrence rate of pituitary adenoma after surgical resec-
tion has been reported up to 30%, and regrowth after incomplete 
tumor removal was reported in up to 75% of cases4).

Recurrent tumors can be managed with observation, medical 
therapy, radiotherapy, radiosurgery, or revision surgery. Addi-
tionally, the combined treatment paradigm is essential in some 
cases because all treatment modalities have advantages and dis-
advantages. Surgery for a recurrent lesion is burdened by in-
creased risk of mortality and morbidity, and it often results in 
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section was expressed as the resection rate, the ratio of removed 
tumor volume to pre-operative tumor volume. In addition, the 
degree of cavernous invasion was described using the Knosp 
classification24). 

For analyzing associations between visual outcome and sev-
eral factors, Mann-Whitney U test was used and statistical sig-
nificance was accepted at probability values of less than 0.05. 
These statistical analyses were performed with the aid of SPSS 
software (version 19.0; SPSS Inc., Chicago, IL, USA).

Surgical procedures
All procedures were performed using a binaural, endoscopic 

endonasal trans-sphenoid trans-sellar approach. The trans-
sphenoid trans-tubercular approach was performed in one pa-
tient. The pedicled nasoseptal flap was prepared when the large 
defect of diaphragm or the exposure of internal carotid artery 
(ICA) were expected. The extent of sphenoidotomy was made 
to visualize the tuberculum and clival recess. The wide pan-
oramic view of endoscope had a critical role to identify the 
skullbase bony structures. After sphenoidotomy, we always 
identified the bilateral optic canals and clival ICA protuberanc-
es before removing scar tissue on sella, because the scar tissue 
often precluded the identification of the bilateral cavernous 
ICA protuberances. The dissection of fibrous tissues on the sella 
started at the imaginary midline line from the midpoint bilater-
al optic canals to the midline of clival recess and continued to 
expose the medial margin of cavernous sinus. The autologous 
or artificial reconstructive materials used in previous surgery 
adhered to the dura. Therefore, we drilled circumferentially the 
margin of previous sellar opening in order to visualize the ad-
hesion site between dura and reconstructive materials and 
avoid the unintended dural damage. The dissection of recon-
struction materials was performed gently and then the wide 
sellar bony window was created. After a creating dural opening, 
we attempted to performed extracapsular dissection circumfer-
entially. Internal decompression with piecemeal fashion was 
performed in cases without a prominent pseudocapsule. The 
ICAs were reconfirmed with intra-operative Doppler. We tried 
to remove the intracavernous tumor through the defect of cav-
ernous wall made by the tumor from medial to lateral side to 
ICA6,23). The direct approach to the lateral component of cav-
ernous sinus was performed only when the tumor completely 
surrounded the anterior surface of the ICA siphon portion. The 
tumor in the cavernous sinus was removed under direct view of 
angled endoscope (30 or 45 degree) in all cases and blind curet-
tage was never used. We have kept the policy that tumors ad-
hering severely to the ICA or pituitary gland were not removed 
and the blind curettage was not used in order to avoid danger-
ous conditions. No special reconstruction technique of skull 
base defect was required in of any patients without intraopera-
tive cerebrospinal fluid (CSF) leakage, however, we combined 
various techniques such as multi-layers of collagen fleece coat-
ed with fibrin sealant, on-lay graft of injectable hydroxyapatite 

with those of microscopic series17,18,28). However, the reports on 
endoscopic TSA as a revision surgery have been rarely pub-
lished5,32).

We retrospectively evaluated the efficacy and safety of the en-
doscopic TSA for recurrent pituitary adenomas following mi-
croscopic TSA.

MATERIALS AND METHODS

With approval from Institutional Review Board (No. 1007-
066-323), the authors retrospectively reviewed the medical re-
cord and imaging data of patients who underwent surgical re-
section of recurrent pituitary adenomas via endoscopic TSA. A 
recurrent pituitary adenoma was defined as a newly developed 
pituitary adenoma without the evidence of residual tumor on 
magnetic resonance images (MRIs) taken at least 6 months af-
ter previous microscopic TSA or a growing residual pituitary 
adenoma on serial post-operative MRIs. We recommended re-
vision surgery only for recurrent tumors with clear clinical 
mass effect or endocrinological evidence of hypersecretion.

This study included thirty patients who underwent endo-
scopic TSA between February 2010 and February 2013 and 
were then followed up regularly. All patients underwent regu-
lar neuro-ophthalmological, endocrinological, and radiologi-
cal evaluations including uncorrected visual acuity and Gold-
mann perimetry testing, before and at 1 and 3 months after 
surgery. The degrees of visual disturbance were analyzed ac-
cording to the guidelines of the German Ophthalmological 
Society, which assess bilateral visual acuity and field using the 
visual impairment scale (VIS). The VIS ranges from 0 (best) to 
100 (worst)13).

An early morning basal hormone study was performed in all 
patients, and the adrenocortical axis was evaluated by a cocktail 
test or a rapid adrenocorticotropic hormone-stimulating test 
before and 3 months after surgery1). In cases with a growth hor-
mone-secreting tumor, disease control was determined by the 
following criteria from the 2010 consensus guidelines : an IGF-I 
value within normal range for age and gender and a growth hor-
mone (GH) value <0.4 ng/mL after a 75 g oral glucose load or a 
random GH value <1.0 ng/mL14). Remission of Cushing’s disease 
was defined as adequate suppression of serum cortisol in the 
morning after administering 1 mg of dexamethasone and nor-
malization of urinary free cortisol excretion within three months 
after surgery1).

The volumetric analysis, based on the pre- and post-operative 
MRIs, was performed in all cases to evaluate the extent of tu-
mor removal. The post-operative neuroradiological evaluation 
consisted of MRIs within 24 hours of the surgery. Using Marosis® 
Version 5.4 (Infinite, Seoul, Korea), the contour of the tumor, on 
T1-weighted coronal image with the contrast, was traced using 
freehand tools and the actual area was measured. The tumor vol-
ume was calculated by integrating each tumor area by the slice 
thickness of the image29). The quantitative degree of tumor re-
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respectively. Nineteen (79%) of twenty-four patients showed im-
proved visual status at the postoperative follow-up ophthalmic 
examination. The postoperative VIS was 0 in five (21%). How-
ever, the visual status was unchanged in 4 (17%) of 24 patients. 
The mean preoperative VIS in patients with the better visual sta-
tus after surgery was statistically lower than that of those without 
the benefit in vision (42 versus 79, p=0.044). The preoperative 
tumor volume, resection rate, and residual tumor volume had 
no statistical significance in visual improvement.

One patient who suffered from sixth cranial nerve palsy with-
out optic neuropathy before surgery had completely recovered 
in postoperative 2 months.

Endocrinological outcomes
The pre-operative endocrinological evaluation revealed pan-

hypopituitarism in 7 of 27 non-functioning pituitary adeno-
mas, GH deficiency in two, and elevated serum prolactin in 
one. New panhypopituitarism did not develop after surgery in 
any of seventeen patients with intact endocrinological function. 
New postoperative hypocortisolism developed in one patient 
with a previous GH deficit. Transient diabetes insipidus oc-
curred in 4 (17%) of 23 patients without pre-operative panhy-
popituitarism, and resolved within 3 weeks after surgery in all 
four cases. Endocrinological cure was achieved in all three pa-
tients with functioning pituitary adenomas, including two GH-
secreting tumors and one ACTH-secreting tumor. 

cement, fascia graft, and pedicled nasoseptal flap to achieve 
multi-layer reconstruction when intraoperative CSF leakage 
was occurred8,9,19,22,26).

RESULTS

Patients characteristics
Thirty patients (male : female=9 : 21) with a mean age of 41 

years (range, 17-68 years) were evaluated, including six patients 
with a recurrent pituitary adenoma and twenty-four patients 
with a residual pituitary adenoma after microscopic TSA. Twen-
ty-seven tumors were regarded as non-functioning pituitary 
adenomas based on preoperative endocrine status. The func-
tioning pituitary adenomas consisted of one adrenocorticotrop-
ic hormone (ACTH)-secreting adenoma and two GH-secreting 
adenomas. The overall interval between the last surgery and tu-
mor recurrence/regrowth ranged from 1 to 163 months (mean, 
64 months). The mean interval between previous surgery and 
revision endoscopic TSA was 70 months in non-functioning 
pituitary adenomas. Four of thirty patents received adjuvant ra-
diosurgery or radiotherapy. The pre-operative clinical features 
are summarized in Table 1.

Tumor control
The tumor volume ranged from 0.1 to 41.8 cm3 (mean, 11.4 

cm3). All three tumors less than 1 cm3 were functioning pitu-
itary adenomas. Post-operative MRIs demonstrated that tu-
mors were completely resected in 15 (50%) patients. The mean 
residual tumor volume was 2.9 cm3 (range, 0.3 to 11.7 cm3) and 
remnant tumors larger than 3 cm3 was observed in 5 patients. 
The volumetric analysis revealed the extent of tumor removal 
ranged from 52% to 100% (mean, 90%). Three out of eleven tu-
mors in Knosp grade I was removed subtotally and their vol-
umes were over 15 cm3. Gross total resection rate in Knosp 
grade I and II were 100%, respectively. Three of eight tumors 
(38%) in Knosp grade III and none of seven tumors in Knosp 
grade IV were removed totally. The relationship between the 
extent of tumor removal and Knosp grade was summarized in 
Table 2. The cause of subtotal resection was adhesion to the 
ICA in eleven patients and distorted anatomical structures in 
four. After the endoscopic TSA, stereotactic radiosurgery (SRS) 
was performed in all but two patients with residual tumors who 
refused it. 

Ophthalmological results 
The mean pre- and post-operative VISs were 43.1 and 26.8, 

respectively. The visual status of six patients without recent ob-
jective or subjective visual deterioration was not changed after 
the endoscopic TSA, and their mean VIS score was 21. 

A newly developed visual disturbance caused by the recurrent 
tumor was documented in 24 (80%) patients. The mean pre- 
and post-operative VIS scores in patients with tumor-related vi-
sual deterioration were 48 (range, 2-100) and 28 (range, 0- 100), 

Table 1. Summary of preoperative characteristics of patients

Number of patients
Endocrinological feature
    Non-functioning 27
    GH secreting   2
    ACTH secreting   1
Number of previous surgical management
    1 23
    2   6
    3   1
Previous surgical approaches
    Microscopic transsphenoid 36
    Transcranial   2
Previous adjuvant treatment*
    Radiotherapy   2
    Radiosurgery   3

*One patient underwent both radiotherapy and radiosurgery. ACTH : adrenocorti-
cotropic hormone, GH : growth hormone

Table 2. Knosp classification and the extent of tumor removal

Extent of 
tumor removal

Knosp 
0

Knosp 
I

Knosp 
II

Knosp 
III

Knosp 
IV

100% 8 1 3 3 0
>95% 1 0 0 0 1
75-95% 1 0 0 3 3
<75% 1 0 0 2 3
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sphenoid sinus and wider opening of 
sellar floor even in revision surgery fol-
lowing microscopic TSA. Compared to 
a microscope, the wide and multi-an-
gled view of endoscope offers a better 
anatomic orientation along the entire 
surgical route to sella even in revision 
surgery, although the anatomical fea-
tures of nasal cavity could be helpful21). 
Cappabianca and Solari4) also com-
mented that these optical features make 

it relatively easy to identify the relevant target on the posterior 
sphenoid surface and the tumor-gland interface, which is even 
more important in patients who have already undergone the 
TSA. Owing to wide panoramic view, the complete discrimina-
tion of the scar tissues and precise exposure of sellar bony win-
dow could be assured easily in our experiences. 

The efficacy of the endoscopic TSA for the management of pi-
tuitary tumors has been reported in the literature, with results 
and complication rates at least comparable with microsurgical se-
ries (Table 3)12,17,28). A meta-analysis of eleven published studies 
revealed no difference in endocrinological remission rate of func-
tioning adenomas (60% versus 66%) and complete tumor re-
moval rate (69% versus 71%) between microscopic and endo-
scopic TSA. Post-operative diabetes insipidus was less frequent in 
those having endoscopic surgery (28% versus 15%)16). However, 
it has not been elucidated well whether the endoscopic TSA 
could provide a similar or better outcome than microscopic TSA 
for recurrent pituitary adenoma despite of theoretical benefits. 
The reported series were a few in number and not the random-
ized prospective multi-center trials but the retrospective single 
institution series. Moreover, the extent of tumor and relationship 
with critical neurovascular structures, which are critical factors 
for the degree of tumor resection, are too heterogeneous in recur-
rent pituitary adenomas. In addition, to the best our knowledge, 
there has not been reported that two surgical techniques were 
performed by a surgeon. However, the reports in the literatures 
on revision TSA with single surgical method have showed that 
endoscopic approach achieved at least comparable outcomes 
with microscopic approaches (Table 4)3,5,31,33).

Total resection rate of 50% in present study was similar to 
other reports and the most common cause of subtotal resection 
was the adhesion to the critical neurovascular structures. We 
advocated that the main goal of revision surgery in non-func-
tioning pituitary adenoma was the resolution of mass effect 

Complications
No death or major morbidity related to surgical procedures 

was observed. There was no post-operative CSF leakage. How-
ever, two patients, in whom intraopearive CSF leakage oc-
curred, required the antibiotic medication for postoperative 
meningitis and were cured without any sequelae within two 
weeks. The post-operative pulmonary embolism  occurred in 
one patient with poorly controlled diabetes mellitus and suc-
cessfully managed with anti-coagulation therapy.

DISCUSSION

The characteristic bony protuberances and grooves of the 
skull base bone, secondary changes by aeration of the sphenoid 
sinus, play the critical roles in TSA as anatomical markers. 
However, it is difficult to identify and orient the relevant ana-
tomic locations in the revision TSA because of granulation tis-
sue in the sphenoid sinus and loss of the normal bony indenta-
tion of the skull base. The appropriate tumor exposure and 
precise resection in the revision surgery are more difficult and 
higher complications rates were reported, even when performed 
by experienced surgeons33). The exact anatomical orientation 
based on the surrounding landmarks is a key for a success of re-
vision TSA and it could be achieved by the wide surgical expo-
sure or panoramic view in the limited surgical window in en-
doscopic TSA. The importance of wide sphenoid and sellar 
exposure had been proved by Mattozo et al.27). Their micro-
scopic revision TSA of the 30 consecutive cases revealed that 
the suboptimal exposure of the sphenoid keel, the sella, or both 
was found in 97, 93, and 90%, respectively. They concluded that 
most pituitary adenoma without cavernous sinus invasion could 
be totally removed in the revision surgery with a wider expo-
sure. Cavallo et al.5) suggested the wide anterior sphenoidotomy 
in endoscopic TSA allowed a better dissection of scar tissue in 

Table 3. Outcomes of microscopic and endoscopic TSA for pituitary adenomas in literatures

Number of cases Gross total removal [n (%)] Complications [n (%)]
Microscopic Endoscopic Microscopic Endoscopic Microscopic Endoscopic

Higgins et al. 29 19 24 (83) 17 (89)    29 (100)* 15 (79)*
O’Malley et al. 25 25 17 (77) 14 (66)   8 (32)  7 (28)
D’Haens et al. 60 60   30 (50)†   38 (63)† 4 (7)  6 (10)

*Number of complications is overlapped, †Endocrinological cure rate. TSA : trans-sphenoidal approach

Table 4. Microscopic or endoscopic TSA for recurrent pituitary adenomas in literatures

Type of surgery Authors Number of 
cases

Gross total 
removal [n (%)]

Complications 
[n (%)]

Microscopic Yamada et al. 53 31 (59) 5 (9)
Benveniste et al. 96 NA      29 (31.3)*
Mattozo et al. 30 17 (57)   5 (17)

Endoscopic Cavallo et al. 59 37 (63) 5 (8)
Rudnik et al. 20   8 (40)   4 (20)
Present study 30 15 (50)   5 (16)

*Number of complications is overlapped. TSA : trans-sphenoidal approach
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with minimization of surgical risk, because the functional re-
covery was not resulted only from the total removal of tumor as 
shown in our prognostic factor for visual outcome. From this 
view, it was inadequate that the extent of tumor removal was 
categorized just as total or subtotal resection, because the small 
residual tumors with effective decompression had a completely 
different clinical impact compared with the relatively large re-
sidual tumors. The volumetric analysis on the extent of tumor 
removal, which over 75% of resection rate was found in 80% of 
patients, indicated the endoscopic TSA was an effective and 
promising surgical technique.

There are several treatment options for small residual pitu-
itary adenoma, including observation, conventional radiothera-
py and SRS. The observation should be considered for the as-
ymptomatic residual tumors, considering the indolent natural 
history of pituitary adenomas, although radiotherapy and SRS 
have shown excellent tumor control15). And it brought our fol-
low-up period before revision TSA was as long as 70 months. 
However, we recommended the adjuvant SRS for the residual 
tumors after revision endoscopic TSA, because the growth po-
tential of tumors was documented in the follow-up period be-
fore revision surgery.

There were various complications after TSA, regardless of opti-
cal instruments. A meta-analysis revealed the endoscopic TSA 
was associated with higher incidence of vascular complications 
associated with a more sphenoid and sellar exposure2). A recent 
paper on 555 consecutive series of endoscopic TSA for pituitary 
adenoma reported 19% of complication rate including 2 ICA in-
juries30). It has been clear that the complication rate of a second 
TSA is clearly higher than that of primary surgery, even by expe-
rienced surgeons and overall complications rates ranged from 
9.4% to 31.3%3,5,25,31,33). Considering the previous reports, our re-
sults showed the complication rate of endoscopic approach in re-
vision TSA was at least comparable to those of the major micro-
surgical TSA and primary endoscopic TSA series3,7,10,17,18,33).

CONCLUSION

Endoscopic TSA serves the excellent surgical views even in 
revision surgery and results in the high resection rate and en-
docrinological remission rate with minimal risk of endocrino-
logical and ophthalmological deterioration. 
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