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Abstract

Today, more than 95% of pituitary adenomas
are removed using transsphenoidal surgery.
The complication rates both for the traditional
microscopic technique and for the more
recently introduced endoscopic technique are
comparably low. In acromegaly, the overall
surgical cure rate of the transsphenoidal oper-
ation is approximately 50% in experienced
hands. In Cushing’s disease, the cure rate is
high if an adenoma is visible on MRI. In pro-
lactinomas, surgery should be preferentially
offered to patients with microadenomas
(<10 mm) as their chance of surgical cure is
>90%.

Adequate perioperative endocrinological
management is pivotal. Replacement therapy
for adrenal insufficiency must be adapted to
the perioperative demand. Diabetes insipidus
(DI) with impaired ADH secretion is encoun-
tered frequently on days 1-5 after surgery
while the opposing syndrome of inappropri-
ate antidiuretic hormone secretion (SIADH)
with excessive ADH release typically pres-
ents on days 3—-10. Thorough surveillance of
water and electrolyte balance in the postop-
erative course is paramount for early detec-
tion and treatment of these typical
postoperative dysregulations of the posterior
pituitary lobe. Postoperative endocrine care
includes early assessment of remission status
and pituitary function. It is recommended
that neuro-endocrine and neurosurgical fol-
low-up appointments be scheduled prior to
discharge to guarantee professional ongoing
follow-up.

For non-functioning pituitary adenomas
(NFPA), radiotherapy (RT) may be consid-
ered for invasive residual tumour after sur-
gery. The timing of radiotherapy is still a
subject of controversy. For functioning
adenomas, radiotherapy is indicated if sur-
gery and medical therapy cannot control
hormonal  oversecretion.  Fractionated
radiotherapy (fRT) is used for large ade-
noma volumes to minimize secondary
injury to surrounding structures.
Stereotactic radiosurgery (SRS) is used for
small target volumes with a sufficient dis-
tance from the optic apparatus. These two

principle techniques have different risk
profiles. Both fRT and SRS are highly
effective in preventing further adenoma
growth. Biochemical cure is less frequent.
Reportedly, the biochemical cure rates are
slightly higher for Cushing’s disease than
for acromegaly and are least favourable in
prolactinomas. Biochemical remission is
often delayed and the cure rates increase
over the years after RT.
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Abbreviations

ACTH  Adreno-corticotrophic hormone

ADH Antidiuretic hormone

CD Cushing’s disease

CS Cushing’s syndrome

CSF Cerebro-spinal fluid

DA Dopamine-agonist

DI Diabetes insipidus

fRT Fractionated radiotherapy

GH Growth hormone

GKRS  Gamma-knife radiosurgery

Gy Gray

IGF-1 Insulin-like growth factor 1

LINAC Linear accelerator based radiosurgery

MRI Magnetic resonance imaging

NFPA Non-functioning pituitary adenoma

RT Radiotherapy

SIADH Syndrome of inappropriate antidi-
uretic hormone secretion

SRS Stereotactic radiosurgery

Key Terms

e Transsphenoidal: Surgery is performed

through the nose and the sphenoid sinus.
Transcranial: Surgery is performed by
removing a piece of skull bone.

Microscopic: The surgeon looks through a
microscope during transsphenoidal surgery.
Endoscopic: The surgeon uses an endoscope
to visualize during transsphenoidal surgery.
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Key Points

* More than 95% of pituitary adenomas
are removed through the transsphenoi-
dal route. The complication rates both
for the traditional microscopic tech-
nique and for the more recently intro-
duced endoscopic technique are
comparably low.

e Pituitary surgery is the first line of
treatment for large non-functioning
adenomas and in functioning adeno-
mas causing Cushing’s disease or
acromegaly. Prolactinomas, by con-
trast, are primarily treated with dopa-
mine-agonists (DAs). Transsphenoidal
surgery, however, is an accepted alter-
native for small prolactinomas as cure
rates greater than 90% can be achieved.

e Adequate perioperative endocrinolog-
ical management is pivotal. It includes
perioperative hormonal replacement
therapy, thorough surveillance of
water and electrolyte balance, and
assessment of postoperative remission
status.

e Radiotherapy is indicated if adenoma
growth or hormonal hypersecretion is
not controlled by surgery and/or medi-
cal therapy. Fractionated radiotherapy
(fRT) is used for large adenoma vol-
umes while stereotactic radiosurgery
(SRS) is indicated for small target vol-
umes with a sufficient distance from the
optic nerves and chiasm.

e Both fRT and SRS are effective in pre-
venting further adenoma growth.
Biochemical cure rates are slightly
higher for Cushing’s disease than for
acromegaly and are least favourable in
prolactinomas.

22.1 Transsphenoidal Surgery

22.1.1 History of Transsphenoidal
Surgery

The first successful operation for a pituitary tumour
was performed by Victor Horsley in 1904 at Queen

Square in London using a transcranial approach.
Only a few years later, Hermann Schloffer, at
University Clinic in Innsbruck, performed the very
first transsphenoidal operation in 1907 (Schloffer
1907). He approached the sphenoid sinus and sella
through an invasive rhinotomy incision along the
lateral aspect of the nose (Fig. 22.1a). The nose
was reflected to the side and the septum, medial
wall of the orbit and portions of the maxillary
sinus wall were removed. In the following years,

Fig. 22.1 (a) First transsphenoidal surgery using rhinot-
omy (Courtesy of the National Library of Medicine). (b)
Translabial approach (Courtesy of the National Library of
Medicine)
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transsphenoidal surgery was refined. Inferior nasal
approaches were established with the advantage of
less disfigurement and a better suprasellar view.
The transnasal and sublabial approaches avoided
an external incision (Fig. 22.1b). A major pioneer
of transsphenoidal surgery was Harvey Cushing
who performed 231 transsphenoidal operations in
Boston between 1910 and 1925 with a mortality
rate of 5.6%. However, he abandoned the transs-
phenoidal approach in the late 1920s because of
the better results of transcranial surgery at that
time. One must bear in mind that, at that time,
imaging techniques were poor and it was impos-
sible to know the true size and extent of pituitary
tumours into the suprasellar space, making trans-
sphenoidal surgery hazardous. Jules Hardy from
Montreal who worked together with Gérard Guiot
in Paris introduced the operating microscope for
transsphenoidal surgery in the late 1960s (Hardy
1969). It offered two major advances that made
the approach safer and more effective: First, it
allowed better illumination of the operative field
in the depth through a narrow approach. Second,
selective adenomectomy with preservation of the
pituitary gland and identification of small micro-
adenomas became possible with magnification
under the microscope. With the introduction of
microscopy, the surgical morbidity and mortal-
ity of transsphenoidal surgery were significantly
reduced and lead to worldwide recognition and
adoption.

As early as in 1963, Gérard Guiot suggested
the use of the endoscope at the end of a transsphe-
noidal operation for visualization. In the 1990s,
Hae Dong Jho introduced the concept of pure
endoscopic transnasal surgery (Jho et al. 1997).
In the last two decades, endoscopy has become
a generally accepted alternative to microscopy in
pituitary surgery.

Today, the transsphenoidal approach is used in
96-99% of the patients for removal of pituitary
adenomas (Honegger et al. 2007).

22.1.2 The Microscopic
Transsphenoidal Approach

The preferred microscopic approach to the
pituitary is the so-called ‘“septum-pushover

technique”. This technique is a uninostril-
endonasal approach to the sphenoid sinus. The
mucosa is incised over the nasal septum in the
depth in front of the sphenoid sinus. The nasal
septum is disconnected from the rostrum of
the sphenoid sinus and displaced to the oppo-
site side with the nasal speculum (Griffith and
Veerapen 1987). At the end of the operation,
the septum is brought back to the midline. The
“septum-pushover technique” is a minimally
invasive technique that is performed quickly
and causes minimal postoperative discomfort
and pain. In particular, the patients appre-
ciate that no nasal packing is required and
nasal breathing is possible immediately after
surgery.

The microscopic approach (Figs. 22.2a,
22.3) offers the advantage of a 3-dimensional
view. A speculum is necessary for visualization
of the operative field, because the optic system
is outside the nose. On the other hand, surgi-
cal manoeuvres are fast and straight-forward
because the access to the operative field is held
open by the speculum.

22.1.3 The Endoscopic
Transsphenoidal Approach

For the endoscopic approach (Figs. 22.2b
and 22.4), a binostril or uninostril approach is
used to access the sphenoidal sinus (Juraschka
et al. 2014). Endoscopic surgery is mostly per-
formed in a “four-hand technique” where one
surgeon performs the operation and the other
surgeon holds and guides the endoscope. Once
the sphenoid sinus is sufficiently opened, the
endoscope is positioned in the sphenoid sinus.
The position of the optic system inside offers the
advantage of a panoramic view. In particular, lat-
eral and suprasellar tumours can be directly visu-
alized which can increase the extent of surgical
resection.

One has to bear in mind that the microscope
and endoscope are only instruments for visual-
ization. The experience of the surgeon is most
important for the success of surgery and not
whether a microscopic or endoscopic technique
is used.
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Fig. 22.2 Schematic drawing of the microscopic and endoscopic setting. (a) Microscopy. The surgeon visualizes the
surgical field through the microscope. The surgical corridor is held open by the nasal speculum. (b) Endoscopy. The
endoscope is positioned inside the surgical corridor. The surgical field is visualized on the monitor. Copyright:
Universitétsklinikum Tiibingen

Fig. 22.3 Microscopic transsphenoidal approach. With ~ Fig.22.4 Endoscopic transsphenoidal surgery: four-hand
the microscope, the surgeon has a 3-dimensional view of  techique of the endoscopic procedure is shown

the surgical field. Additionally, the operation is shown on

the screen in the operating theater
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22.1.4 Tumour Removal
in Transsphenoidal Surgery

Once the anterior wall of the sphenoid sinus has
been opened, the pituitary fossa becomes visible.
The bony floor of the pituitary fossa is removed.
For this surgical step, we use a diamond drill and
punches. The next anatomical structure which
lines the floor of the sella is the basal dura.
Once this is opened in a Y-shaped manner, the
pituitary adenoma is exposed. The adenoma is
then removed with microinstruments. As adeno-
mas are often soft, curettes are mostly used for
adenomectomy. Once the intrasellar tumour is
removed, the suprasellar portion can descend into
the pituitary fossa and can be resected (Fatemi
et al. 2008).

Approximately one-third of surgically
treated pituitary adenomas show an invasive
character. This means that the adenoma grows
into the adjacent anatomical structures. The
most frequent site of invasion is the cavernous
sinus. Some soft adenomas may be removed
from within the cavernous sinus without
undue morbidity. However, invasion is clearly
an adverse factor for complete resection and
incurs risk to cranial nerves III, IV, VI, tri-
geminal nerve V2 (maxillary branch) and the
internal carotid artery that traverse this area.

Under microscopic or endoscopic view, the
pituitary gland can be differentiated from the
adenoma and then preserved. With large adeno-
mas, the gland has become flattened and dis-
placed and lines the resection cavity.

The diaphragma sellae is the upper border of
the pituitary fossa and protects the fossa from
the cerebro-spinal fluid (CSF) space. Particularly
in large adenomas, the diaphragma is thin and
intraoperative CSF rhinorrhea can occur, requir-
ing repair. For closure of a CSF leak, various
techniques are used. Repair may be with autolo-
gous material from the patient (e.g. fascia late,
abdominal fat) or with dural substitutes or both.
For large CSF leaks, a vascularized naso-septal
flat is often placed over the skull base defect
(Hadad et al. 2006). If a large intraoperative leak
occurs, an additional prophylactic postoperative

lumbar drainage for 5-7 days may be placed to
prevent formation of a nasal CSF fistula by low-
ering the intracranial pressure.

22.1.5 Risk of Transsphenoidal
Surgery

The complication rate in transsphenoidal sur-
gery for pituitary adenomas is relatively low. In
a recent meta-analysis (Ammirati et al. 2013),
the risk of a CSF leak was 6-7%. Meningitis
occurred in 1-2% of cases. The frequency of
these typical complications was similar if micro-
scopic and endoscopic series were compared.
The risk of death was 0.5% for microscopy and
1.58% for endoscopy. Only for vascular injury,
was a significant difference between microscopy
(0.23%) and endoscopy (0.49%) found.

Of course, the experience of the surgeons has
major influence on the complication rates. In
experienced hands, a risk of CSF leak requiring
operative repair can be below 1%.

The risk of new postoperative hypopituita-
rism is about 10%. It is significantly correlated to
adenoma size. On the other hand, the chance of
postoperative improvement of pituitary function
is 30-40%. While transient diabetes insipidus is
frequently observed, the rate of permanent dia-
betes insipidus is only about 1% (Ammirati et al.
2013).

Postoperative deterioration of visual func-
tion and visual fields is rare (Fig. 22.5). It can be
caused by postoperative bleeding. On the other
hand, preoperative visual deficits often recover
after surgery. The risk that chiasmal syndrome
does not improve postoperatively is particularly
high if preoperative deficits were long-standing
and pronounced.

22.1.6 Special Considerations
and Outcome in Different
Adenoma Types

Pituitary adenomas are either non-functioning or
hormone-secreting. The most frequent types of
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Fig. 22.5 The visual pathway and the visual defects that occur depending on the site of a lesion. A pituitary adenoma
typically causes midline compression of the optic chiasm from below that results in bitemporal visual field defects

hormone-secreting adenomas are GH-secreting
adenomas causing acromegaly or gigantism,
ACTH-secreting adenomas causing Cushing’s dis-
ease and prolactin-secreting adenomas, which are
called prolactinomas. In the following, the special
surgical considerations and the surgical outcome
of these frequent adenoma types are described.
22.1.6.1 Transsphenoidal Surgery

for Non-functioning

Pituitary Adenomas (NFPA)
NFPA only become symptomatic if they cause
local symptoms due to a space-occupying
lesion. Visual deficits and hypopituitarism pre-
vail and represent the indication for surgery.
On the other hand, NFPA are often diagnosed
incidentally during cranial imaging for other

reasons (such as on evaluation of headaches or
head injuries). The indication for treatment of
asymptomatic adenomas is relative. Surgery is
usually performed if the adenoma size is larger
than 2 cm or some degree of chiasmal compres-
sion is found on MRI.

Despite their large size, more than 90%
of NFPA can be removed by a transsphenoi-
dal approach. Figure 22.6 shows the MRI of a
large NFPA before and after transsphenoidal
removal. If complete removal of a NFPA has
been confirmed by MRI, the risk of recurrence is
low (Chang et al. 2010). In contrast, residues of
NFPA are at high risk for re-growth. Due to the
low growth velocity of many pituitary adenomas,
re-growth may be detected only after several
years of observation.
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Fig.22.6 (a) coronal
view and (b) sagittal
view: Preoperative MRI
shows a large non-
functioning pituitary
adenoma causing visual
field defects. (¢) coronal
view and (d) sagittal
view: Postoperative MRI
confirms complete
adenoma removal

22.1.6.2 Transsphenoidal Surgery

and Outcome in Acromegaly
Transsphenoidal surgery is the first choice of
treatment in acromegaly.

The anaesthetist must be prepared, as intuba-
tion might be difficult. Intubation can be ham-
pered by macroglossia, goitre and spinal kyphosis.

The surgeon must be prepared that the nasal
anatomy can be distorted due to overgrowth of the
anatomical structures. The nasal septum is often
deviated. An extra long nasal speculum may be
needed because the approach can be abnormally
deep in acromegaly.

Criteria for cure are normalized insulin-like
growth factor 1 (IGF-1), normal basal growth

hormone (GH) and adequate suppression of GH
during an oral glucose tolerance test.

Strong adverse prognostic factors in terms
of cure are large adenoma size, invasive charac-
ter and high preoperative GH and IGF-1 levels.
The data of the German Acromegaly Register
showed a long-term cure rate of 38.8%, others
report lower or similar remission rates (Schofl
et al. 2013; Minniti et al. 2003). In centres with
a high case-load of acromegalic patients, the
cure rate was 49.8-51% (Mortini et al. 2018). In
those patients without complete surgical cure, a
significant reduction of GH excess by surgery
will improve the success rate of postoperative
medical treatment or radiotherapy.
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22.1.6.3 Transsphenoidal Surgery
and Outcome in Cushing’s
Disease
Cushing’s disease (CD) is a life-threatening dis-
ease that is mostly caused by microadenomas.
CD is unique in that 30% of microadenomas
are so small that they are not detected even with
modern MRI of the pituitary.

Endocrinological diagnostics prove the pitu-
itary origin and differentiate CD from ectopic
and adrenal Cushing’s syndrome (CS). If the
pituitary origin is unclear, inferior petrosal sinus
sampling (IPSS) is performed as the pituitary
blood is drained into the inferior petrosal sinus.
Higher ACTH values in the petrosal sinus com-
pared to ACTH in the peripheral vein confirm the
pituitary origin. For prediction of the laterality of
a microadenoma within the gland, IPSS only has
a poor positive predictive value.

Transsphenoidal surgery is the treatment of
first choice in CD. If no adenoma is detected
by MRI, the pituitary gland is systematically
explored by micro-incisions. A special small
ultrasound probe for intraoperative detection of
minute microadenomas is used in some special-
ized centres.

In large series with transsphenoidal surgery
for microadenomas, postoperative remission
rates in the range of 59-98% have been reported
(Chandler et al. 2016). The cure rate is clearly
superior if a microadenoma has been detected on
preoperative MRI.

22.1.6.4 Transsphenoidal Surgery

and Outcome

in Prolactinomas
In prolactinomas, medical treatment with
dopamine-agonists (DAs) is the first choice.
However, a re-increase of prolactin occurs in
79% of prolactinomas after withdrawal of DA.

Transsphenoidal surgery is a second choice

treatment for prolactinomas. The classical
indications for surgery are resistance to DA or
intolerable side-effects of DA. Further indica-
tions for surgery have emerged: The guidelines
of the Pituitary Society from 2006 describe that
the possibility of cure by surgery versus long-
term DA therapy should be discussed with the

patient, and patient preference is an indication
for surgery (Casanueva et al. 2006). Surgery
may be preferentially offered in microad-
enomas where the surgical cure rate is >90%
(Casanueva et al. 2006; Kreutzer et al. 2008).
The chance of prolactin normalization is still
good in circumscribed intrasellar macropro-
lactinomas. Transsphenoidal surgery is usually
not offered in large or invasive prolactinomas
because postoperative normoprolactinaemia is
unlikely. The risk of cardiac valvulopathy under
DA is also a concern. Therefore, young patient
age is an argument for surgery in order to avoid
long-term DA. If acute visual loss occurs, it
should not be hesitated to perform acute surgi-
cal decompression instead of awaiting the effect
of DA (Kreutzer et al. 2008).

22.1.7 Modern Technologies
in Transsphenoidal Surgery

Intraoperative MRI is available in some neurosur-
gical centres. The completeness of resection can
be controlled intraoperatively. Identified residual
adenoma can be removed during the same proce-
dure avoiding a second operation.

Today, neuronavigation systems are widely
used in neurosurgery and also in pituitary surgery.
With neuronavigation, intraoperative tumour and
major structure positions can be compared with
the preoperative imaging data. With neuronavi-
gation, the location of risk structures (i.e. carotid
arteries) and the extent of resection can be veri-
fied intraoperatively.

22.2 Perioperative
and Postoperative Care

22.2.1 Perioperative
and Postoperative Care:
Endocrinological

The postoperative endocrine care is demanding.
Adequate management of postoperative endocri-
nological peculiarities is pivotal for the success
of surgical treatment.
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The details of postoperative management vary
between different centres. The practices and ther-
apeutic schemes that are provided in this section
only have an exemplary nature.
22.2.1.1 Postoperative Dysregulation
of Water and Electrolyte
Balance
Disturbances of water and electrolyte balance
are frequently encountered during the early
postoperative period due to dysregulation of the
posterior pituitary lobe. The two major postop-
erative dysregulations are diabetes insipidus and
syndrome of inappropriate antidiuretic hormone
secretion (SIADH) which are opposing prob-
lems. Diabetes insipidus is caused by impaired
secretion of antidiuretic hormone (ADH) from
the posterior pituitary lobe. In contrast, STADH
is caused by postoperative degeneration of some
ADH-secreting neurons with excessive release
of ADH.

Surveillance of water and electrolyte balance
plays a central role in postoperative management.
(see Chap. 23: Pituitary Surgery: Part 2 Nursing
Care) Monitoring incudes:

» Balancing of daily fluid intake and output.
» Specific gravity of every urine portion.

e Daily measurement of serum sodium level.
e Daily measurement of body weight.

22.2.1.2 Diagnosis and Treatment
of Postoperative Diabetes
Insipidus
Impaired ADH secretion of the posterior lobe
results in diabetes insipidus which is frequently
encountered in the first days after surgery:

* 40% of patients have polyuria (>2.5 1/24 h) at
the first postoperative day after transsphenoi-
dal surgery for a pituitary adenoma.

* 5% suffer from polyuria at the fifth postopera-
tive day.

e Permanent diabetes insipidus is only found in
1% of cases postoperatively.

Algorithm for the Management of Diabetes

Insipidus: A Single Centre Protocol

Diagnosis

* Fluid intake and output
3500 mL in 24 h.

* Urine output exceeds 400 mL within 2 h.

e Serum sodium above upper limit of
normal.

exceeds

Treatment

e Desmopressin 2 pg subcutaneous or
intramuscular after transsphenoidal sur-
gery during the first postoperative days
(because of reduced nasal uptake fol-
lowing transsphenoidal surgery).

* Nasal application of desmopressin spray
1 puff can be commenced from postop-
erative day 6 onward.

* Desmopressin tablets are also recom-
mended for cases of mild or partial dia-
betes insipidus.

22.2.1.3 Diagnosis and Treatment

of Postoperative Syndrome

of Inappropriate Antidiuretic

Hormone Secretion (SIADH)
SIADH usually occurs between postopera-
tive day 3 and day 10 and is a potential life-
threatening complication. This is reported in up
to 30% of cases. STADH results in hyponatremia.
Therefore, our protocol is to regularly measure
serum sodium level until postoperative day 10
but protocols may be site specific.

Asymptomatic SIADH can be treated with

restriction of fluid intake to 1 L per day. In symp-
tomatic STADH, hyperosmolar sodium infusion
is often required in addition to fluid restriction.
Recently, the vasopressin antagonist tolvaptan
became available. It allows efficient treatment of
SIADH without fluid restriction. We start with a
single dose of tolvaptan 7.5 mg. Mostly, a second
dose is necessary 1-2 days later.
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It is imperative that an unduly rapid correc-
tion of hyponatremia is avoided. A rapid correc-
tion can cause damage to the myelin sheath of the
nerve cells in the brainstem called central pontine
myelinolysis which is a severe neurological dis-
order with poor prognosis.

Signs and Symptoms of SIADH

» Headache

e Malaise

e Agitation

* Tiredness

e Poor Concentration

* Nausea and vomiting

* Mental state changes and confusion
» Epileptic seizure

22.2.1.4 Perioperative Replacement
Therapy of Adrenal
Insufficiency

Replacement therapy for adrenal insufficiency

is of vital importance. A higher demand of cor-

tisone is required during the stressful event of an

operation. Two principle perioperative strategies

can be pursued:

(a) Replacement in every patient undergoing
pituitary surgery.
(b) Replacement only if:
* Preoperative adrenal insufficiency exists or
e Adrenal function is unknown (for exam-
ple in emergency cases) or
e New adrenal failure is anticipated based
on intraoperative findings.

Table 22.1 shows our regime if glucocorticoid
replacement is required during the perioperative
period. Physiological doses are continued at dis-
charge as indicated after assessment of HPA axis
(Table 22.1).

In some countries, an emergency card is avail-
able or provided to the patient if postoperative

Table 22.1 Hydrocortisone Replacement Regime: a sin-
gle centre protocol

Day of surgery 100 mg hydrocortisone
intraoperatively (intravenous)
100 mg hydrocortisone until the
next morning (intravenous)
First postop day 50 mg hydrocortisone (oral)
Second postop 40 mg hydrocortisone (oral)
day
Third postop day 30 mg hydrocortisone (oral)
Forth postop day 30 mg hydrocortisone (oral)
From fifth postop 20 mg hydrocortisone (oral)
day onward (maintenance dose)

adrenal insufficiency is found or if adrenal func-
tion is equivocal.

22.2.1.5 Early Postoperative
Assessment of Remission
Status
In functioning adenomas, postoperative assess-
ment of the oversecreted hormone provides
important information about the success of the
surgery. Re-assessment should be performed as
early as possible because the result is not only
important for further treatment but also urgently
awaited by the patient.

In prolactinomas, prolactin can be assessed
on the first postoperative day. In acromegaly,
we also assess GH on the first postoperative day.
However, IGF-1 decline is delayed. Both prolac-
tin and GH are peptide hormones with a short
half-life period. Their measurement at the first
postoperative day provides valuable information
of surgical success regarding correction of the
oversecreted hormone (see specific chapters for
more information).

In Cushing’s disease, different methods for
early assessment of the remission status are in use:
Some centres withhold perioperative hydrocorti-
sone replacement and measure cortisol daily after
surgery. A drop in serum cortisol into the hypo-
cortisolemic range indicates remission. As soon
as remission is documented or the patient shows
clinical signs of adrenal insufficiency, hydrocor-
tisone replacement therapy must be commenced.
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This regimen allows for the earliest possible
detection of remission. However, continuous clin-
ical surveillance for symptoms of adrenal insuf-
ficiency is paramount to avoid adrenal crisis.

Other centres use perioperative hydrocorti-
sone replacement and withdraw hydrocortisone
some days after surgery for assessment of the
remission status.

22.2.1.6 Early Postoperative
Assessment of Anterior
Pituitary Function

The regimen of postoperative endocrine re-

assessment of pituitary function differs between

centres. An orienting status of pituitary hormones

prior to discharge should be the minimal standard.

22.2.2 Postoperative Care:
Neurosurgical

22.2.2.1 Surveillance of Vision
The optic chiasm is in close proximity to the pitu-
itary gland. Patients with pituitary tumours may
suffer from chiasmal syndrome preoperatively.
Assessment of visual acuity and visual fields is
mandatory immediately and regularly postopera-
tively. Visual fields are tested with finger perimetry.
Knowledge of preoperative vision and visual
fields is important for proper judgement of the
postoperative state. Furthermore, the nurse must
have information from the surgeon about which
patients are at risk for visual deterioration.
Visual failure may indicate postoperative
bleeding. The risk of bleeding is particularly high
during the first postoperative day. On the other
hand, improvement of preoperative visual deficits
can often be detected immediately after surgery
but may also be delayed. Formal ophthalmological
re-assessment can be done 1 week after surgery.
Furthermore, optomotor nerves run lateral to
the pituitary fossa within the cavernous sinus.
Postoperative care includes alertness for double
vision and ptosis.

22.2.2.2 Nasal Care After
Transsphenoidal Surgery

Regular nasal application of decongestant nose

drops enhances nasal breathing and avoids trou-

blesome nasal secretion or painful retention of
secretion in the paranasal sinuses. Some centres
use xylometazoline 0.1% nasal spray or drops.
This shrinks the swollen nasal mucosa via vaso-
constriction. It is applied after transnasal surgery
until there are minimal secretions and free venti-
lation is restored which is usually the case after
7—-14 days. Other centres use sterile saline spray
multiple times daily to achieve a similar outcome.

Medication for nasal pain is not routinely admin-
istered. Nonsteroidal anti-inflammatory drugs can
be given if required. However, acetylsalicylic acid
should be avoided during the first 10 postoperative
days because of the anticoagulant effects.

It may be difficult to differentiate nasal secre-
tion from cerebro-spinal fluid (CSF) rhinor-
rhea. No laboratory test is absolutely reliable.
Measurement of glucose in nasal fluid is not
helpful after transnasal surgery. Mucosal fluid
is a hint for nasal secretion while clear fluid like
water is suspicious of CSF. CSF rhinorrhea can
be provoked if the patient is brought into a sitting
position and the head bend forward.

The nasal conditions must be closely super-
vised. If CSF rhinorrhea occurs, lumbar drainage
or operative repair in a timely fashion is indicated
to avoid further complications such as meningitis.

22.2.3 Further Early Postoperative
Care

The timing of discharge from the neurosurgical
unit varies between centres. The postoperative
stay is usually between 3 and 6 days. In some
centres, the patients are transferred to the endo-
crine unit during the postoperative hospital stay.
Prior to discharge, the patient is given both ver-
bal and written instructions regarding postopera-
tive home care. After transsphenoidal surgery, an
increase of intracranial pressure must be avoided
for a period of at least 4 weeks (Knappe et al.
2018). For that time, physical strain, sports activ-
ities, steam baths, saunas, and blowing the nose
must be avoided. After 4 weeks, physical activi-
ties can be slowly resumed. Patients are advised
to sneeze with an open mouth to avoid Valsalva
pressure. The use of continuous positive airway
pressure (CPAP) devices is not recommended
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immediately postoperatively and patients may
need supplemental oxygen. Review with the Ear
Nose and Throat (ENT) specialist 2—4 weeks
postoperatively is recommended.

The patient’s case is booked for the tumour
board where decisions of further management
(for example requirement of postoperative medi-
cal treatment or radiotherapy) are made.

Most importantly, an appointment with the
endocrinologist must be arranged prior to postop-
erative discharge. An exact date for the appoint-
ment is strongly recommended to guarantee an
endocrinological follow-up. A first re-assessment
by the endocrinologist is usually recommended
2-3 weeks after surgery. Some endocrinologists
see their patients as early as 1 day after discharge
from the neurosurgical unit.

Similarly, a neurosurgical follow-up appoint-
ment is mandatory. The first appointment at
the neurosurgical outpatient department is usu-
ally scheduled 3—6 months postoperatively. The
patient is instructed to bring along a recent post-
operative MRI or is scheduled the same day for
a postoperative MRI. Postoperative endocrine
re-assessment may be scheduled simultane-
ously or independently and these results should
be available to the neurosurgery at the time of
this appointment. If the adenoma had suprasel-
lar extension or the patient had suffered from
chiasmal syndrome, an ophthalmological report
should also be presented at the neurosurgical fol-
low-up appointment.

22.3 Transcranial Surgery

22.3.1 Indications for Transcranial
Surgery

Transcranial surgery is only required if a pitu-
itary adenoma is not sufficiently accessible
by a transsphenoidal operation. The deci-
sion for the appropriate approach depends on
adenoma size and location. A multilobulated
suprasellar extension points to a perforated
diaphragm sellae. It means that the adenoma
has grown out of the confines of the pituitary
fossa into the intracranial (intradural) space.
Under these circumstances, the risk of trans-

sphenoidal surgery might be too high because
it does not provide adequate control of intra-
cranial neurovascular structures. Transcranial
surgery is necessary in some of these adeno-
mas. A predominant suprasellar adenoma with
a small pituitary fossa, an eccentric suprasel-
lar extension or a dumbbell shaped adenoma
also hamper transsphenoidal resection and are
reasons for transcranial surgery (Buchfelder
and Kreutzer 2008). Today, less than 5% of
pituitary adenomas require a transcranial
operation.

22.3.2 Transcranial Approach
and Tumour Removal

For a transcranial approach, the skin incision
is made fronto-temporal behind the hairline to
avoid an externally visible scar. The pterional
approach and the fronto-lateral approach are
most frequently used. The pterional approach
exposes the Sylvian fissure between the fron-
tal and temporal lobes. The arachnoid of the
Sylvian fissure is opened for exposure of the
adenoma. The adenoma can be visualized and
removed through the prechiasmatic space or
through the space between the optic nerve and
carotid artery (so-called “optico-carotid tri-
angle”). The fronto-lateral approach provides
a more anterior view. It is less invasive but the
lateral view through the optico-carotid triangle
is limited.

22.3.3 Risk of Transcranial Surgery

The reported morbidity and mortality of transcra-
nial surgery is certainly higher than of transsphe-
noidal surgery. However, one has to keep in mind
a selection bias because the difficult adenomas
with major intracranial, suprasellar extension
require a transcranial operation. The mortality
rate of transcranial surgery is approximately 2%
(Buchfelder and Kreutzer 2008). Transcranial
operations carry a particularly high risk of re-
bleeding into the tumour bed. Another specific
risk is hypothalamic dysfunction which may be
caused by damage to small perforating arteries.
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The risk of visual deterioration following tran-
scranial surgery is approximately 15-22%. On the
other hand, the chance that a pre-existing visual
deficit improves after surgery is 50% (Bulters
et al. 2009). In large adenomas with eccentric lat-
eral extension, a significant risk of an oculomotor
nerve palsy with ptosis and double vision exists.

The risk of postoperative hypopituitarism and
diabetes insipidus is also higher in transcranial
surgery than in transsphenoidal surgery and the
chance of postoperative recovery of pre-exist-
ing endocrine deficits is low (Buchfelder and
Kreutzer 2008).

As the adenomas requiring craniotomy are
typically large and show invasive character, a
gross total resection is mostly not feasible.

224 Surgery for Non-adenomatous
Pituitary Lesions

22.4.1 Other Pathologies

The vast majority of surgically treated lesions of
the pituitary area are adenomas. However, numer-
ous other pathologies of the pituitary, pituitary
stalk and hypothalamus are encountered (see
Chap. 14). The appropriate surgical approach for
other pituitary pathologies also depends on their
location.

Among non-adenomatous lesions, tumours of
neighbourhood origin that secondarily encroach upon
the pituitary such as chordomas, chondosarcomas or
perisellar meningiomas must also be considered.

22.4.2 Surgery for
Craniopharyngiomas

The second most frequent pathology of pituitary
or hypothalamic origin is the craniopharyngioma.
In contrast to pituitary adenomas, only 30% of cra-
niopharyngiomas show major intrasellar involve-
ment allowing transsphenoidal surgery (Honegger
and Tatagiba 2008). Many craniopharyngiomas are
not confined to the pituitary fossa and grow in the
suprasellar intradural space above the diaphragm

sellae requiring craniotomy. Various transcranial
approaches have to be considered as craniopha-
ryngiomas may involve several intracranial com-
partments. Large craniopharyngioma cysts can be
decompressed by stereotactic cyst puncture.

Recently, extended transsphenoidal opera-
tions have been suggested for purely suprasel-
lar craniopharyngiomas (Kim et al. 2011) and
other suprasellar tumours. The major disadvan-
tage of such extended approaches is the large
defect in the skull base and intraoperative CSF
leak which is necessary for tumour exposure. It
carries a high risk of a postoperative CSF fis-
tula. Whether purely suprasellar tumours should
be operated by craniotomy or extended trans-
sphenoidal surgery is still a matter of debate
(Jeswani et al. 2016).

Gross total resection of craniopharyngiomas
offers a high chance of recurrence-free long-
term survival. Some neurosurgeons recommend
an attempt at total removal so long as there is
no risk of hypothalamic damage (Honegger and
Tatagiba 2008). Other surgeons recommend
conservative resection (biopsy or partial resec-
tion) followed by radiotherapy. However, the
tumour burden remains with this policy and the
therapeutic options in the case of re-growth are
limited.

22.5 Recommendations
for Radiotherapy
Postoperatively

22.5.1 Indications for Radiotherapy
in Pituitary Tumours

22.5.1.1 Indications for Radiotherapy

in Non-functioning Pituitary
Adenomas (NFPA)

In NFPA, radiotherapy is indicated for postop-
erative adenoma remnants with invasive charac-
ter that are not accessible surgically. The typical
indication is a residual adenoma within the cav-
ernous sinus (Fig. 22.7). The timing of radiation
for NFPA is a current subject of controversy.
Some radiotherapists recommend radiotherapy
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Fig. 22.7 Planning for stereotactic radiosurgery (SRS)
with Gamma Knife of a left parasellar residual adenoma
(arrow in a) within the cavernous sinus following transs-
phenoidal surgery. (a) Coronal view, (b) axial view, (¢) 3D,
(d) sagittal view. Yellow: 16 Gy isodose of the target vol-

after initial surgery. Others use radiotherapy
only if further growth of the residual adenoma
is observed (Fig. 22.7).

22.5.1.2 Indications for Radiotherapy

in Cushing’s Disease
Radiotherapy (RT) is a second treatment option
in CD. Radiotherapy is indicated if CD per-
sists after pituitary surgery. This can be the case
after negative sellar exploration(s) or for non-
resectable invasive residual adenoma within the
cavernous sinus. RT is also an option for recur-
rent CD (Estrada et al. 1997).

Other second-line options are medical treat-
ment or bilateral adrenalectomy. The treatment
decision in the second-line therapy is usually
made on an individual basis. Medical treatment

ume; Green: 10 Gy isodose of the target volume. Blue:
Optic chiasm (asterisk in a). Cyan: pituitary stalk and
gland. The target volume has a sufficient distance to the
optic chiasm to avoid visual compromise. Courtesy by Dr.
G.A. Horstmann, Gamma Knife Centre, Krefeld, Germany

might be required while awaiting the delayed
effect of radiotherapy.

22.5.1.3 Indications for Radiotherapy

in Acromegaly

In acromegaly, RT competes with medical treat-
ment as the second-line treatment. However,
medical treatment is favoured in some countries
for second-line treatment and RT is used if GH
hypersecretion cannot be controlled by surgery
and medical treatment.

22.5.1.4 Indications for Radiotherapy

in Prolactinomas

In prolactinomas, RT is used if hyperprolacti-
naemia persists under dopamine-agonist (DA)
treatment and surgery is not successful or not



430

J.Honegger

indicated because of invasive adenoma exten-
sion. Radiotherapy is rarely used in prolactino-
mas because of the high efficacy of DAs.
22.5.1.5 Indications for Radiotherapy

in Craniopharyngiomas

RT is indicated for residual or recurrent cranio-
pharyngiomas. The ideal timing of RT is yet to be
determined. An ongoing study in childhood cra-
niopharyngiomas investigates whether adjunc-
tive RT immediately after incomplete resection
or salvage RT upon re-growth is superior.

22.5.2 Tumour Control
and Remission Rates
with Radiotherapy

Radiation techniques are explained in Chapter
24: Radiotherapy.

22.5.2.1 Tumour Control Rates in
Non-functioning Pituitary
Adenomas (NFPA)

The goal of radiotherapy in NFPA is tumour

control which means that the adenoma remains

stable in size or shrinks.

According to the literature, 80-98% of patients
with NFPA are recurrence-free after fR7T. The
reported studies of SRS for NFPA showed tumour
control rates of 83-100% (Sheehan et al. 2012)
(Fig. 22.7). On average, the tumour control rate
was 96%. However, long-term follow-up was not
available in most of the studies on SRS.

22.,5.2.2 Remission Rates in Cushing’s
Disease

With fRT, the reported remission rates with

complete reversal of ACTH- and cortisol-

oversecretion were between 46% and 100%

(Estrada et al. 1997).

In published series of SRS with more than
ten cases, the remission rates were highly vari-
able with a range from 17% to 83%. Recent
studies provide evidence that remission rates
of 60-80% can be achieved today (Marek et al.
2015).

22.5.2.3 Remission Rates

in Acromegaly
In the retrospective data collection of fRT for
acromegaly from 14 centres throughout the
United Kingdom, normalization of IGF-1 was
achieved in 63% of the patients at 10 years
(Jenkins et al. 20006).

The remission rates of SRS in acromegaly
reported in the literature are heterogeneous.
On average, a remission was achieved in
approximately 50% of the patients (Pollock
et al. 2008). Recent studies suggest that higher
remission rates can be achieved today (Lee
et al. 2015).

22.5.2.4 Remission and Control Rates
in Prolactinomas

Both with fRT and with SRS, further tumour
growth can be prevented in the vast major-
ity of cases. However, remission with normal
prolactin off dopamine-agonist treatment is
only achieved in a minority of cases. Evidently,
remission in prolactinomas is less frequent than
in Cushing’s disease and acromegaly (Tanaka
et al. 2010).

22.5.2.5 Control Rates
in Craniopharyngiomas

In the main published studies on fRT, control rates
at 10 years after RT were 56.5-100% (Minniti
et al. 2009). Long-term results of SRS are still
sparse. In the main published studies on SRS
with mean follow-up periods between 16 months
and 17 years, control rates of SRS were 34-88%
(Minniti et al. 2009).
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