
ITHIN the field of pituitary surgery, Cushing dis-
ease has a special place. The diagnosis of central
Cushing disease is based on a variety of static

and sophisticated dynamic endocrinological tests on which
the indication for surgery is ultimately based. Selective

transsphenoidal adenectomy is considered the first treat-
ment option in the majority of patients, with long intervals
of endocrine and clinical remission having been observed
thereafter. Despite advances in diagnosis and imaging and
surgical techniques, even in the hands of experienced pitu-
itary surgeons, no convincing improvement in remission
rates has been achieved during the last two decades. A lack
of consensus regarding the definition of remission of hy-
percortisolism and its still poorly understood pathophysiol-
ogy may be factors.5 Long-term follow-up study data have
shown that the quality of life in patients in remission after
the first pituitary surgery is better than in those who need
additional treatments.28 Thus, successful initial treatment is
highly desirable in Cushing disease. In several microsurgi-
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Object. Transsphenoidal pituitary surgery is the primary therapy for Cushing disease because of its potential to
produce lasting remission without the need for long-term drug or hormone replacement therapy. The authors eval-
uated the current role of pure endoscopic endonasal pituitary surgery in the treatment of Cushing disease. 

Methods. Twenty-five patients underwent pure endoscopic surgery for confirmed Cushing disease. Thirteen
patients had microadenomas and seven had macroadenomas; magnetic resonance images obtained in five patients
were only suspicious or nondiagnostic, and thus they underwent inferior petrosal sinus sampling. Two patients had
evidence of cavernous sinus involvement. Final histological results were consistent with adrenocorticotropin hor-
mone (ACTH)–secreting adenoma in 20 patients. 

Results. Twenty patients (80%) had clinical remission and laboratory confirmation of hypocortisolemia (serum
cortisol , 100 nmol/L requiring substitution therapy), suppression to low-dose dexamethasone, and normal 24-hour
urinary free cortisol. The median follow-up period was 17 months (range 3–32 months). There was no recurrence
at the time of the last follow-up. Three patients presented with new anterior pituitary deficiency, but no one had per-
manent diabetes insipidus. In one patient a cerebrospinal fluid leak developed but later resolved following lumbar
drainage. Treatment failure was attributable to involvement of the cavernous sinus in two patients, incomplete
tumor removal in one, negative exploration in one, and nodular corticotroph hyperplasia of the pituitary gland in
one.

Conclusions. Early results indicated that endoscopic endonasal surgery is a safe and effective treatment for
ACTH-producing adenomas. The rate of remission in this study is comparable to those in previous series, and the
rate of major postoperative complications is extremely low. Further studies with a larger number of patients and
longer follow-ups are required to determine whether this more minimally invasive pure endoscopic approach should
become the standard of care for the surgical treatment of Cushing disease. (DOI: 10.3171/FOC-07/09/E9)
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Abbreviations used in this paper: ACTH = adrenocorticotropin
hormone; CSF = cerebrospinal fluid; FSH = follicle-stimulating hor-
mone; GTR = gross-total resection; IGF-1 = insulin-like growth fac-
tor–1; IPSS = inferior petrosal sinus sampling; LH = luteinizing hor-
mone; MR = magnetic resonance; TSH = thyroid-stimulating
hormone; UFC = urinary free cortisol.

 



cal studies the remission rates have varied between 42 and
95%, with recurrence rates between 3 and 63%. Com-
plications have been reported in up to 53% of cases.1–4,6,12,

16,20,38,40–42,45

The introduction of the endoscope has opened a new
chapter in the treatment of pituitary tumors. The main
advantages of endoscopic transsphenoidal surgery include
the wide panoramic view offering better visualization of
critical structures and the absence of retractors with the
subsequent potential for reduced complications. Re-
searchers using the endoscopic technique have recently
shown an overall improvement in tumor resection and
remission rates in pituitary adenoma surgery.7,9,19,26,32 It has
yet to be determined whether this technique, along with
other advances in technology (for example, neuronaviga-
tion, intraoperative MR imaging, and radiosurgery), will
improve the overall cure rate and long-term outcomes in
patients with functioning adenomas, particularly with
regard to those affected by Cushing disease.

The objective in this paper is to demonstrate the current
state of the art in the diagnosis of Cushing disease and
report our early results using a purely endoscopic approach
in the surgical treatment of this pathophysiology. Our
results are compared with those reported in the current lit-
erature. Specifically, the role of the endoscopic approach is
compared with the standard microscopic technique. 

Clinical Material and Methods

Between June 2004 and March 2007, 25 consecutive pa-
tients with confirmed primary Cushing disease were treat-
ed using a purely endoscopic endonasal approach at the
Division of Neurosurgery, Toronto Western Hospital, Uni-
versity of Toronto. Diagnoses were made based on the cri-
teria mentioned below. 

Current Diagnosis of Cushing Disease

Dynamic endocrine function tests were used to establish
the diagnosis: A fasting morning basal cortisol level greater
than 100 nmol/L after the administration of 2 mg dexa-
methasone at 10:00 p.m. the previous day leads to a diag-
nosis of Cushing syndrome. The pituitary origin of the dis-
ease is proven by suppression of the cortisol level to less
than 50% of the original value after the administration of 8
to 32 mg dexamethasone.27,44 An elevated UFC test ($ 300
mg/24 hours ) is also done and is indicative of Cushing dis-
ease.46 Anterior pituitary lobe function is further assessed
by determining serum levels of prolactin, TSH, triiodo-
thyronine, thyroxine, LH, FSH, and ACTH plasma levels
as well as cortisol serum levels before and after ACTH
stimulation following an overnight fast.

Thin-cut MR images (2 mm; T1- and T2-weighted im-
ages in the coronal and sagittal planes) of the sellar region
were obtained to confirm a sellar tumor (Fig. 1). If the find-
ings were not definitive, 3-tesla MR imaging with dynam-
ic studies was requested. If there was still doubt regarding
either the presence or the pituitary origin of the disease,
IPSS combined with selective catheterization of the ab-
dominal and thoracic veins was performed, and ACTH and
cortisol plasma levels were determined. Thus, hypercorti-
solism of adrenal origin or ectopic or paraneoplastic ACTH
production could be ruled out. A greater than twofold cen-
tral to peripheral gradient of ACTH levels ($ threefold

after corticotropin-releasing hormone stimulation) on the
IPSS study is highly suggestive of a pituitary source, and a
more than 1.4-fold interpetrosal gradient indicates the side
of the tumor.33 In 15% of cases, IPSS can be nondiagnostic
because of technical problems with the catheterization.
More problematic is the fact that in up to one third of pa-
tients, the predicted side of a pituitary adenoma is false.14,15

Medical Therapy Prior to Surgery

Preoperative treatment to improve a patient’s clinical sta-
tus prior to surgery is rarely necessary unless there is a
severe metabolic change caused by prolonged hypercorti-
solism. Ketoconazole is the drug of choice. It exerts its ef-
fect by blocking corticosteroid synthesis in the liver at the
level of cytochrome P-450 enzyme. The administration of
600 to 800 mg/day may decrease cortisol plasma levels
with improvement in symptoms; however, side effects are
not uncommon, thus precluding prolonged use of the
drug.29,39 Four of the patients in the present study were tak-
ing ketoconazole prior to surgery.

Surgical Technique

All patients underwent a purely endoscopic endonasal
surgery with a 0˚ endoscope with a lens diameter of 4 mm
(Karl Storz GmbH & Co. KG). This approach has been
described elsewhere9 but will be briefly discussed here.
The operation takes place while a patient is supine with his
or her head fixed in a three-pin Mayfield holder. The head
of the bed is elevated, and the neck is slightly extended and
rotated toward the right side. Frameless stereotactic navi-
gation with the Stealth machine (Medtronic) is used for
anatomical guidance. Note that C-arm fluoroscopy is not
used because neuronavigation has been proven highly reli-
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FIG. 1. Coronal Gd-enhanced T1-weighted MR image obtained
in a patient with Cushing disease, showing a macroadenoma on the
left side of the pituitary fossa.



able.10 A video monitor is positioned behind the patient’s
head directly in front of the surgeon’s line of vision. After
connecting the endoscope to the irrigating system (Clear
Vision, Karl Storz), the endonasal approach is started, gen-
erally from the right nostril, and consists of resection (or
lateralization) of the middle turbinate, large sphenoidoto-
my, and exposure of the sellar floor from carotid to carotid
and craniocaudally from the planum to the clivus. For pitu-
itary exploration and tumor removal, we advocate a binos-
tril, bimanual technique that requires the resection of a
small part of the posterior nasal septum. This procedure
significantly increases the maneuverability of instruments,
augments the efficacy and safety of endoscopic surgery by
improving access to the tumor, and helps to deal with any
bleeding in the same manner as is done with microsurgery.
Drilling the base of the sphenoid, an important step in
exposing the clivus and inferior sellar floor, and exposing
the sellar floor are done using the bimanual technique, with
the assistant surgeon holding the endoscope. On comple-
tion of the wide sphenoidotomy, the following anatomical
structures in the sphenoid should be seen: clival and sellar
carotid prominence, medial and lateral opticocarotid re-
cess, planum, and clivus. A micro-Doppler probe is used to
identify and confirm the trajectory of both carotid arteries.
The dural opening is made from the medial cavernous sinus
wall and from the superior intercavernous sinus to the
clivus. With the binostril bimanual technique, tumor is re-
moved using the same principles as with the microscopic
technique. In cases of focal compression toward the cav-
ernous sinus, tumor resection can be continued by careful-
ly dissecting the lesion from the medial wall of the cav-
ernous sinus, which can be easily seen via the endoscopic
technique. Several tumors believed to be invasive based on
MR imaging were found on surgical exploration to be com-
pressing the medial wall of the cavernous sinus and were
easily removed. True intracavernous invasion with tumor
reaching and circumventing the carotid arteries precludes
total resection, and thus a subtotal resection policy is adopt-
ed for these tumors. 

If no tumor is identified on MR imaging, surgical explo-
ration is performed based on the results of the IPSS. In all

of these cases, both sides of the gland are explored. In the
event of negative findings on exploration and in the context
of a high interpetrosal ACTH concentration gradient, a
hemihypophysectomy of the suspect side might be per-
formed. We do not advocate a complete hypophysectomy.

Closure is performed in a multilayer fashion using Sur-
gicel, fibrin glue, and Gelfoam. In cases of significant peri-
operative CSF leakage, fascia lata and fat grafts are har-
vested. No nasal packing is used with this technique. All
patients are admitted to a step-down unit for overnight
monitoring.

Postoperative Workup and Definition of a Cure

Steroids are not administered during surgery. An early
basal cortisol level is determined the day after surgery, and
other routine hormonal tests are conducted. In patients with
a cortisol level lower than 100 nmol/L, steroid coverage is
commenced. In these patients, substitution therapy with hy-
drocortisone (30 mg daily) is prescribed. Patients are re-
evaluated at 6 to 8 weeks postoperatively and thereafter at
2- to 3-month intervals during the 1st year after surgery.
The patient is then followed up annually at our interdisci-
plinary pituitary clinic. At each visit, the fasting plasma cor-
tisol concentration is measured after withdrawal of gluco-
corticoid substitution for 24 hours. In addition, a low-dose
dexamethasone suppression test (1 mg overnight) is per-
formed at 1 and 3 months after surgery, as is the measure-
ment of the 24-hour UFC. These tests are repeated at each
follow-up and earlier if recurrence of the hypercortisolism
is suspected. In every patient in whom glucocorticoid sub-
stitution is started after surgery, an attempt is made to
reduce the dose of oral glucocorticoids at 3 months after
surgery and to stop glucocorticoid substitution within 12 to
24 months after surgery. After stopping steroid replace-
ment, the integrity of the hypothalamic-pituitary-adrenal
axis is assessed using the insulin-hypoglycemia test. 

Patients are considered to be in endocrinological remis-
sion if all of the following criteria are met:1) an early basal
cortisol level lower than 100 nmol/L after surgery; 2) sup-
pression to low-dose dexamethasone test; and 3) normal-
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TABLE 1 
Summary of characteristics in 25 patients with ACTH-secreting adenomas* 

Histological 
No. of Medical Treatment Cases Endo- Confirmation Crooke

Adenoma Type Cases Before Surgery of GTR crine Cure of ACTH Cells Cell

microadenoma 13 1 13 13 12† 3
macroadenoma w/o 
cavernous invasion 5 2 5 4 5 2

cavernous involvement 2 1 0 0 2 0
nondiagnostic MRI 5 0 3 adenectomy 2 1‡ 0
and IPPS† 1 hemihypophy- 1 0 0

sectomy
1 nondiagnostic 0 0
exploration

total 25 4 (16) 22 (88)§ 20 (80) 20 (80) 5 (20)

* Numbers represent number of cases (%).
† The adenoma specimen in the last patient was too small for further analysis.
‡ One of the adenomas in this subgroup was not histologically confirmed to be ACTH producing and another was a nodular hyper-

plasia of the gland.
§ Hemihypophysectomy was considered as GTR.



ization of the 24-hour UFC on follow-up. The thyrotropic,
gonadotropic, and somatotropic axis is assessed at regular
intervals by measuring the serum concentrations of TSH,
free thyroxine, LH, FSH, testosterone, estradiol, and IGF-1.

Results

Of the 25 patients, 19 were female and 6 male. The mean
age at the time of the diagnosis was 42 6 12.5 years. The
MR imaging results clearly revealed a microadenoma in 13
patients and a macroadenoma in seven. In two patients with
macroadenoma, there was evidence of cavernous sinus
involvement (Table 1). 

In five patients, a pituitary source for the hypercorti-
solism was identified based on the preoperative endocrine
evaluation, but the MR imaging findings were unclear or
normal despite imaging with a 3-tesla unit and dynamic
infusion studies. The IPSS in all cases confirmed a pituitary
origin together with a significant gradient between central
and peripheral ACTH levels. Furthermore, an interpetrosal
gradient toward the right sinus was found in three patients
and toward the left sinus in one; there was no significant
gradient in one patient. 

Three patients had undergone prior surgery at other insti-
tutions, with incomplete removal or normal findings on ex-
ploration. Of these patients one with a macroadenoma had
significant residual disease, one had evidence of a micro-
adenoma on postoperative MR imaging, and the third had
ambiguous MR imaging results and underwent IPSS.

In patients with positive MR imaging findings, the pure
endoscopic approach permitted GTR in all except two pa-
tients with cavernous sinus invasion (Fig. 2). With one
exception, all patients with microadenomas and those with
macroadenomas without cavernous sinus invasion experi-
enced remission after surgery. This patient with a macroad-
enoma, despite confirmed GTR on postoperative MR im-

ages, continued to have postoperative cortisol levels above
100 nmol/L without the need for steroid replacement.

Among the subgroup of patients with normal MR imag-
ing and IPSS results, surgical exploration revealed patho-
logical tissue in three patients, with postoperative remission
in two. Nodular corticotroph hyperplasia was diagnosed in
the third patient, who did not have a remission. One patient
with prior surgery underwent a hemihypophysectomy fol-
lowing a nondiagnostic exploration of the pituitary fossa.
This patient had a remission after surgery. In the last patient
in this subgroup, hemihypophysectomy was not pursued
because of the discordance between the suspected side of
abnormality on MR imaging and the side indicated by IPSS
as well as a nondiagnostic exploration. This patient was not
cured. The two patients with cavernous involvement had a
significant decrease in cortisol levels after surgery but did
not reach our criteria for remission. Postoperative assess-
ment of endocrine function in the entire series revealed re-
mission in 20 patients (80%), including the three patients
with residual or recurrent disease preoperatively. The medi-
an follow-up period was 17 months (range 2–33 months)
after surgery. There was no instance of recurrence at the
time of the last follow-up. 

The main reasons for treatment failure in this study were
extensive involvement of the cavernous sinus, nondiagnos-
tic exploration, infiltrative disease, and the diagnosis of a
nodular corticotroph hyperplasia.

Histopathological Analysis

Histological workup confirmed a pituitary adenoma in
21 of 25 patients. Among these 21 cases, the expression of
the ACTH was proven with immunohistochemistry in all
except one specimen, which was too small for precise ex-
amination. In five cases, Crooke cells were evident.31

Nodular corticotroph hyperplasia of the pituitary gland
was found in one patient. In the remaining three patients,
no tumor was identified. Among these patients was one in
whom obvious abnormal tissue had been identified during
surgery and in whom remission criteria were met despite
normal histological features, one patient who underwent
hemihypophysectomy, and one with a nondiagnostic explo-
ration. 

Additional Treatment in Patients With Persistent
Hypercortisolism

Three patients with persistent disease were referred for
conformal fractionated radiation and the one with nodular
hyperplasia of the gland for bilateral adrenalectomy. One
patient with persistent biochemical abnormality, but a sig-
nificant decrease in cortisol levels and clinical improve-
ment is being closely observed. The short-term follow-up
period after radiation in the three patients precludes any
realistic conclusion with regard to their outcomes. 

Length of Stay

The average length of stay was 2.9 6 0.8 days, with 16
patients (64%) discharged 48 hours after the surgery. The
major reasons for longer hospitalizations were transitory
diabetes insipidus, suspicion of CSF leakage, and medical
comorbidities.
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FIG. 2. Endoscopic view of the sellar region obtained after re-
section of an adenoma, demonstrating the carotid prominence bi-
laterally as well as the clivus and normal pituitary gland on the
right side of the adenoma cavity. The patient was in remission after
surgery.



Postoperative Complications

There was no postoperative epistaxis or infection. Four
patients had temporary crusting and mild discomfort after
surgery. No patients presented with visual problems before
or after surgery. One patient had a postoperative CSF leak,
which responded to 3 days of lumbar drainage. In addition
to the need for steroid replacement for hypocortisolism
postoperatively, three patients required substitution thyroid
replacement. Two of these patients also required estrogen
and testosterone replacement. No other anterior pituitary
insufficiency was identified. At the last follow-up, 12 of the
20 patients in remission still required full corticosteroid
replacement therapy. One patient presented with transitory
diabetes insipidus, which resolved before discharge. There
was no surgery-related death or serious morbidity (menin-
gitis and carotid artery injury).

Discussion

Surgery continues as the mainstay of treatment for Cush-
ing disease. Data from numerous studies have confirmed
that in experienced hands, surgery can result in high rates
of remission with low complications compared with other
treatment modalities.1–4,6,12,16,20,38 Surgery can lead to an im-
mediate normalization of cortisol levels together with im-
provement in symptoms. It also has a role in reducing tu-
mor size, improving the dosimetry of radiation therapy
when necessary. Standard microsurgical transsphenoidal
surgery is an excellent, well-established technique for the
removal of most pituitary adenomas.

The endoscope is the most recent of many innovations
that have contributed to the field of transsphenoidal surgery
over the last three decades. The endoscopic approach al-
lows the surgeon a wide panoramic view independent of
the width and depth of the access. Jankowski and col-
leagues24 were the first to use a pure endonasal endoscopic
approach for the removal of pituitary adenomas. More re-
cently, the technique has been further refined and popular-
ized by several other authors.8,9,17,19,25 Early reports on this
technique have highlighted the endoscope’s superior visu-
alization over the operative microscope and have suggest-
ed that this more minimally invasive technique allows
more complete tumor removal and a reduced rate of com-
plications. Some concerns have been raised about the endo-
scope: namely, the lack of stereoscopic view and the re-
duced maneuverability. Although there may be some
validity to these concerns when using the one-nostril, one-
hand technique, use of the binostril, bimanual technique
described in this report along with training and the learning
curve can markedly minimize these disadvantages. 

Due to its relatively recent introduction, there are only a
few reports on a large series of patients with functioning
pituitary tumors treated via a purely endoscopic ap-
proach.8,19,25,26,32 Data in these studies suggest at least equiv-
alent or even superior results to those offered by micro-
scopic techniques.19,26

Remission Rates

In the present study, we report the early results of endo-
scopic pituitary surgery in 25 consecutive patients treated at

our center. Remission of hypercortisolism was achieved in
80% of the patients. None of the patients has presented with
recurrence at a median follow-up of 17 months. Remission
rates after transsphenoidal surgery for Cushing disease vary
significantly among studies, ranging from 42 to 95%, with
most between 70 and 85%. There has been no significant
improvement in remission rates over the past years, al-
though they are strongly dependent on the remission crite-
ria used. There is a higher remission rate when an adenoma
is found intraoperatively than when there is a nondiagnos-
tic exploration with or without hemihypophysectomy.18 In
a comparison of micro- and macroadenomas, there are
improved remission rates in the former group.11,41 The num-
ber of cases in our series is too small in each of the above-
mentioned subcategories to confirm these findings. The re-
mission rate following surgery for recurrent tumors is less
than that for primary tumors. Nevertheless, the three pa-
tients in the present study who had previous surgery were
cured after the second surgery.

With regard to endoscopic series, Cappabianca et al.8
reported on 87 patients with various pituitary adenomas, in-
cluding eight patients with Cushing disease, treated with
endoscopic transsphenoidal surgery. The remission criteria
for patients with Cushing disease included restoration of
the circadian rhythm of cortisol and the normalization of
urinary cortisol levels. Only one patient (with a microade-
noma) in this series remained hypercortisolemic after the
pituitary operation and received additional treatment with
bilateral adrenalectomy. In the series of 128 patients de-
scribed by Jho,25 there were 16 patients with Cushing dis-
ease, and 70% of them had normal (subnormal) cortisol
levels after the surgical treatment. Note, however, that the
postoperative endocrinological assessment was not report-
ed in depth. 

Recently, Netea-Maier et al.32 reported on their series of
35 patients with Cushing disease treated endoscopically.
They had a remission rate of 77% after the first surgery and
83% when surgery was repeated for initial failures. Their
follow-up period ranged from 4 to 81 months (median 20
months). Our remission rate is comparable to that in the
previous series, showing good early functional outcomes
after a purely endoscopic resection of ACTH-secreting tu-
mors. One must consider that one of the treatment failures
in our study was due to the development of a diffuse nodu-
lar hyperplasia of the pituitary gland rather than a failure to
treat the adenoma itself. Excluding this case from our
series, the early remission rate would be 83%.

Two of the patients in our study who were considered in
remission had no histological confirmation of the tumor. In
one of them an adenoma was found during surgery, and the
other one underwent a hemihypophysectomy. Although
there is no clear explanation for their cure, Sheehan et al.36

have shown that the results of surgery in terms of a cure
rate for Cushing disease in patients with normal histologi-
cal features do not differ significantly from those with con-
firmed adenoma.8,25,32

Recurrence Rates

Reported recurrence rates in Cushing disease have
ranged from 3.4 to 63% and are significantly higher for
macroadenomas.1,4,6,13,21,23,36,38,40,41,47 The time between opera-
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tion and recurrence has ranged between 16 months and 10
years during a mean follow-up period of 3 months to 7
years. The incidence of recurrent disease increases with the
duration of the observation period. Although our short-term
follow-up precludes any strong conclusions with regard to
long-term outcomes in our series, the strict criteria used for
the definition of a cure in this study have generally corre-
lated with a high chance of long-term remission and a low
likelihood of recurrence.13,34,43

Complication Rates

Morbidity rates following surgery for Cushing disease
have been reported to be between 0 and 53%.1,4,12,23,30,35,38,42

Major complications have included CSF leakage, meningi-
tis, sinusitis, pulmonary embolism, deep vein thrombosis,
anterior or posterior pituitary insufficiency, visual deficit,
cranial nerve palsies, and nasal septum perforation. Cappa-
bianca and colleagues7 have reported lower complication
rates in a general population with pituitary adenomas fol-
lowing endoscopic endonasal surgery as compared with
after microscopic techniques. Netea-Maier and associates32

reported three cases with CSF leak and one with severe
epistaxis among their series of 35 patients endoscopically
treated for Cushing disease. Our low complication rate in
the present series, in keeping with previous endoscopic
reports, confirms the safety of this technique. 

Although mortality rates of up to 8.4% have been report-
ed following surgery,30 there have been no deaths in the
more recent series or in the present study.

Pituitary Function

Hypocortisolism after surgery is a good prognostic fac-
tor predicting remission and a lower risk of recurrence. The
disorder may persist due to adrenal insufficiency caused by
long-term suppression of normal pituitary tissue. Persistent
hypocortisolism reportedly ranges from 1.7 to 44%.1,38,42

Other persistent endocrine deficits have been reported in up
to 70% of cases.11,12,23 Even in some newer studies, the inci-
dence exceeds 25%. The main reason for this relatively
high rate of pituitary dysfunction may be attributable to
injury to the normal pituitary gland during aggressive tu-
mor removal or exploration of the gland in an attempt to
achieve a cure. In their endoscopic study, Netea-Maier et
al.32 reported postoperative anterior pituitary deficits of
34% and posterior pituitary insufficiency of 6%, requiring
substitution therapy. We encountered three new cases of
anterior pituitary deficiency (12%) and one of transient dia-
betes insipidus that resolved after temporary treatment with
vasopressin. We attribute this very low rate of pituitary in-
sufficiency to improved visualization of the pituitary fossa
and gland, which decreases the necessity for over-manipu-
lation of the gland.

Tolerance and the Hospital Stay

Postoperative pain was minimal with no need for nasal
packing, thus making the patient much more comfortable
after surgery.19,37 Authors of a recent report reconfirmed pa-
tients’ better comfort after endoscopic surgery.17 The length
of stay has been shown to be shorter22 than that after a
microscopic procedure, and this finding was confirmed by
our observation (2.9 days compared with 5.8 days; the lat-

ter figure represents the median hospital stay in a previous
study of the standard microscopic technique; unpublished
data). The duration of hospitalization might be as short as
for endoscopic surgery in the hands of experienced neuro-
surgeons; therefore, based on the results of the present
study we can conclude that the hospital stay is similar to
that for the standard microscopic approach. Endoscopic
pituitary surgery has minimal impact on a patient’s quality
of life (Karabatsou et al., unpublished data). 

Limitations of This Study

The number of patients in this study is limited because of
the relatively recent application of a purely endoscopic
technique at our center. Although the early results of endo-
scopic pituitary surgery for Cushing disease are promising,
a random allocation of patients into endoscopic and micro-
scopic treatment groups would have been the best method
of showing the superiority of one or the other of these ap-
proaches. Our very satisfying experience with the endo-
scopic technique encouraged us to expand our experience
and not to randomize patients into the two different ap-
proaches. 

The follow-up in this study is short, with a median peri-
od of 17 months. Recurrence of ACTH-secreting adeno-
mas in patients previously assumed to be cured has been
reported.1,4,6,13,21,23,36,38,40,41,47 The use of very strict criteria in
defining remission or cure, as in our series, can reduce the
likelihood of recurrence.13,34,43 At present, there are no data
to prove that the endoscopic technique results in a lower
incidence of delayed recurrence.

Conclusions

Endoscopic transsphenoidal pituitary surgery in patients
with Cushing disease can lead to a high early postoperative
remission rate similar to those reported by experienced sur-
geons using conventional microscopic or endoscopic tech-
niques. Surgical complications and patient discomfort were
minimal. Although long-term control data and a prospec-
tive analysis of a surgical series are required to strengthen
our conclusions, the advantages of the endoscopic tech-
nique—the improved view and illumination, lower compli-
cation rates, and shorter hospital stay—along with the
favorable results of other similar series make this technique
very attractive and perhaps the favored approach for the
treatment of Cushing disease.
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