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     Abbreviations 

   ACTH    Adrenocorticotropic hormone   
  CT    Computerized tomography   
  FSH    Follicle-stimulating hormone   
  GH    Growth hormone   
  IGF-1    Insulin-like growth factor 1   
  LH    Luteinizing hormone   
  MRI    Magnetic resonance imaging   
  NFPAs    Nonfunctioning pituitary adenomas   
  PRL    Prolactin   
  TSH    Thyroid-stimulating hormone   

4.1           Nonfunctioning Pituitary 
Adenomas 

4.1.1     Defi nition, Incidence 
and Prevalence 

 Nonfunctioning pituitary adenomas (NFPAs) are 
slow-growing, benign, monoclonal adenomas char-
acterized by the absence of clinical and biochemi-
cal evidence of pituitary hormonal overproduction. 
Immunohistochemistry shows that the majority of 
clinically nonfunctioning adenomas consist of cells 
staining positive for pituitary hormones (40–65 % 
for gonadotropins or their subunits, 10 % for ACTH 
and less for other hormones), whereas in 20–40 % the 
adenoma cells are immunohistochemically negative 
(Asa et al.  1986 ; Croue et al.  1992 ; Zhao et al.  2000 ; 
Dekkers et al.  2006 ). They account for one-third of 
all pituitary neoplasms, with an incidence of 7–9 
new cases/10 6  every year. In the general  population, 
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the estimated prevalence of pituitary adenomas is 
9.3 % with a range of 1.5–26.7 % (Hall et al.  1994 ; 
Molitch  2008 ; Orija et al.  2012 ). The prevalence of 
pituitary macroadenomas (diameter >1 cm) is lower 
and estimated to be only approximately 0.11–0.3 % 
(Orija et al.  2012 ). Pituitary microadenomas (diam-
eter <1 cm) are more often functioning, compared 
with macroadenomas that tend to be nonfunction-
ing in 80 % of the patients (McComb et al.  1983 ; 
Sanno et al.  2003 ; Fernández-Balsells et al.  2011 ).  

4.1.2     Clinical Signs and Symptoms 

 The clinical signs and symptoms of clinically non-
functioning macroadenomas are determined by 
mass effects of the tumour. Presenting complaints 
include headache, visual fi eld defects with or with-
out decreased visual acuity and effects of hypopitu-
itarism. Other presenting symptoms are apoplexy, 
cranial nerve defi cits and optic nerve atrophy 
(Molitch  2008 ; Orija et al.  2012 ). Headache is pres-
ent in 40–60 % of all patients and is caused by 
increased intracranial pressure and stretch of the 
dura mater (Ironside  2003 ; Wichers-Rother et al. 
 2004 ; Dekkers et al.  2006 ). Visual fi eld defects result 
from compression of the optic chiasm (Nielsen et al. 
 2006 ). Typically macroadenomas cause a bitempo-
ral visual fi eld defect. Asymmetry of the visual fi eld 
defects may be present between both eyes, depend-
ing on the growth pattern of the tumour. In the 
majority of patients presenting with nonfunctioning 
macroadenomas, pituitary insuffi ciency is present to 
some degree (Dekkers et al.  2006 ). As the diagnosis 
of clinically nonfunctioning pituitary adenomas is 
made by exclusion of hormone overproduction, the 
evaluation of the medical history and the physical 
examination should include a search for signs and 
symptoms of hormonally active pituitary adenomas 
such as acromegaly, Cushing’s disease, hypogonad-
ism and hyperprolactinaemia.  

4.1.3     Laboratory Findings 

 Hypopituitarism in patients with macroadeno-
mas results from compression of the pituitary 
stalk, compression of functioning pituitary tissue 

or hypothalamic involvement of the pituitary 
tumour. In terms of pituitary hormone defi cien-
cies, GH defi ciency is most commonly present 
(85 %), followed by LH and FSH defi ciency 
(75 %), with ACTH and TSH defi ciencies occur-
ring less commonly (around 35 %) (Nomikos 
et al.  2004 ; Wichers-Rother et al.  2004 ; Dekkers 
et al.  2006 ). In addition to pituitary hormone defi -
ciencies, nonfunctioning macroadenomas can be 
accompanied by hyperprolactinaemia. The secre-
tion and release of prolactin are inhibited by hypo-
thalamic release of dopamine. When the pituitary 
stalk is compressed by the presence of a tumour, 
dopamine delivery to the pituitary is disrupted 
resulting in hyperprolactinaemia. In general, pro-
lactin levels less than 100 ug/l (or 2,000 mIU/l) 
are compatible with pituitary stalk compression. 
Levels above 100 ug/l are almost never encoun-
tered in clinically nonfunctioning macroadeno-
mas (Karavitaki et al.  2006 ; Orija et al.  2012 ). 
Macroprolactinomas are typically associated with 
prolactin levels greater than 250 ug/l (1 ug/l is 
equivalent to 21.2 mIU/l) (Melmed et al.  2011 ). 
The high intrasellar pressure that results from the 
presence of an adenoma in the rigid sella turcica 
has been linked to the development of hyperpro-
lactinaemia in pituitary adenomas and the residual 
pituitary function (Arafah et al.  2000 ). In con-
trast, during pituitary apoplexy the sudden devel-
opment of extremely high intrasellar pressure 
results in ischaemic necrosis of the gland. This 
is associated with a low serum prolactin during 
the apoplectic event and development of pituitary 
hormone defi ciencies postsurgical decompression 
(Zayour et al.  2004 ). In the assessment of hyperp-
rolactinaemia, the ‘hook effect’ that may result in 
only mild to moderate elevation of serum prolac-
tin in the context of a macroprolactinoma must be 
considered. This artefact can be resolved by dilut-
ing the serum sample (1:100) and re-assaying for 
prolactin measurement (Melmed et al.  2011 ).  

4.1.4     Imaging 

 On magnetic resonance imaging (MRI) T1-weighted 
images, adenomas usually appear hypointense 
(darker) or isointense relative to normal pituitary 
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tissue. After contrast administration, the adenoma 
usually remains hypointense, while normal pituitary 
tissue enhances intensely as pituitary adenomas 
are less vascular compared with the normal gland 
(Elster  1993 ; Chaudhary and Bano  2011 ; Orija et al. 
 2012 ). On delayed scanning a reversal of the image 
contrast may be observed. A variety of advanced 
MR techniques have been evolved to help evaluate 
specifi c cases. Dynamic contrast MRI is the most 
reliable tool for the evaluation of pituitary adenomas 
(Chaudhary and Bano  2011 ). Computerized tomog-
raphy (CT) is better than MRI at evaluating bony 
changes, such as changes of the sella turcica, and 
calcifi cations. On both unenhanced and enhanced 
CT imaging, pituitary adenomas usually appear less 
attenuated compared to the normal pituitary (Orija 
et al.  2012 ).  

4.1.5     Progression 

 Progression from a NFP microadenoma to 
macroadenoma is a rare event. The proportion 
of patients with growth of the macroadenoma 
ranges between 7 and 51 %, and this probably 
increases during longer duration of follow-up. 
Eleven and twenty-nine percent patients may 
show spontaneous regression of tumour volume 
occurred during long-term follow-up (Dekkers 
et al.  2006 ). Clinically silent tumour ischaemia 
has been suggested as the mechanism linked 
to tumour regression. This is also likely be the 
mechanism leading to symptomatic pituitary 
apoplexy in NFPAs. During a 5-year follow-up 
study of incidentally found macroadenomas, 
apoplexy developed in about 9.5 % of cases 
(Arita et al.  2006 ). 

 NFPA recurrence rates are reported to be 
6–46 % after transsphenoidal surgery, whereas 
after post-operative radiotherapy recurrence 
rates of 0–36 % are reported (Dekkers et al. 
 2008 ). At follow-up the incidence of new pitu-
itary insuffi ciency in patients with NFPAs is not 
higher than in patients with prolactinoma or 
acromegaly. Patients with NFPAs had a lower 
remission percentage compared with those 
patients with functioning adenomas (Roelfsema 
et al.  2012 ).  

4.1.6     Treatment 

 The main aims for treatment of patients with clini-
cally nonfunctioning macroadenomas are the preser-
vation or restoration of visual function and adequate 
long-term tumour control. Transsphenoidal surgery 
is the treatment of choice in patients with visual fi eld 
defects because this is the only treatment modality 
leading to immediate decompression of the optic 
nerve. Surgery improves visual function in approxi-
mately 80 % of all patients (Dekkers et al.  2006 ). 
Visual recovery can be demonstrated within the fi rst 
days after surgery (Jakobsson et al.  2002 ), although 
improvement of visual function can continue even 
until 1 year after surgical treatment (Dekkers et al. 
 2007 ). Recovery from headaches is likely to occur 
after surgery for macroadenomas (Wichers-Rother 
et al.  2004 ). 

 If treated conservatively, regular assessments of 
pituitary endocrine functions and repeat MRI are 
recommended because remaining pituitary func-
tion can be compromised by growth of the mac-
roadenoma. Thereafter, radiological assessment 
by MRI is recommended with yearly intervals, 
which may be extended to two yearly intervals in 
the absence of progression of the macroadenoma. 
The interval for visual fi eld assessment depends 
upon the distance between the pituitary adenoma 
and the optic chiasm (Dekkers et al.  2008 ). 

 Post-operatively, visual function if compro-
mised usually improves. However, often pituitary 
function does not improve after removal of the 
adenoma and occasionally it may deteriorate 
(Comtois et al.  1991 ; Webb et al.  1999 ; Nomikos 
et al.  2004 ; Wichers-Rother et al.  2004 ). 
Radiotherapy is usually not given routinely post- 
operatively in patients without a tumour remnant 
because the chance of recurrence in these patients 
is small (Dekkers et al.  2006 ; Reddy et al.  2011 ). 
When radiotherapy is not routinely offered post- 
operatively, there does not seem to be a plateau 
in the incidence of adenoma regrowth, and these 
patients need to be followed long term with pitu-
itary imaging in order to ensure that no recur-
rence is missed (Reddy et al.  2011 ). Conventional 
external beam radiotherapy is associated with the 
development of hypopituitarism, secondary brain 
tumours and optic nerve atrophy (Brada et al. 
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 1993 ; Tsang et al.  1994 ; Castinetti et al.  2010 ; 
Castro et al.  2010 ). Gamma knife stereotactic 
radiosurgery has been used in the post-opera-
tive treatment of NFPA resulting in low tumour 
recurrence rates and high tumour control rates 
(Castinetti et al.  2010 ), with improved outcome 
compared to conventional radiotherapy (Wilson 
et al.  2012 ). 

 Patients with NFPAs need to be referred to 
an endocrinology team, experienced in manag-
ing patients with pituitary tumours. Pituitary 
hormone replacement needs to be initiated and 
monitored as appropriate. A multidisciplinary 
approach between endocrinologists and neu-
rosurgeons (and radiotherapy physicians when 
indicated) is necessary for patients to decide on 
the appropriateness of surgical intervention.   

4.2     Pituitary Apoplexy 
in Pituitary Adenomas 

4.2.1     Incidence of Pituitary 
Apoplexy in Nonfunctioning 
Pituitary Adenomas 

 Pituitary apoplexy is defi ned as a clinical syn-
drome characterized by sudden onset headache, 
vomiting, ophthalmoplegia, visual disturbance 
and altered consciousness due to acute haemor-
rhage usually into a pre-existing pituitary ade-
noma (Rajasekaran et al.  2011 ). The reported 
prevalence in published series varies between 0.6 
and 10 %, with a mean of 2 % of all surgically 
resected adenomas (Nawar et al.  2008 ). Recent 
epidemiological data from Oxford showed that 
7.9 % of pituitary adenomas presented with pitu-
itary apoplexy (Fernandez et al.  2010 ). Classical 
pituitary apoplexy has to be differentiated from 
subclinical apoplexy that goes clinically unde-
tected and is discovered on pituitary imaging or 
surgical specimens. 

 Forty-fi ve percent of all pituitary tumours that 
develop apoplexy are nonfunctioning (Nawar 
et al.  2008 ). There is a higher incidence of apo-
plexy in nonfunctioning tumours compared with 
other pituitary tumours (Randeva et al.  1999 ; 

Sibal et al.  2004 ; Möller-Goede et al.  2011 ). In a 
UK population epidemiological study, 6.2 cases 
of apoplexy/100,000 population were found and 
all occurred in nonfunctioning adenomas 
(Fernandez et al.  2010 ). 

 Due to the rarity of apoplectic events, the only 
available evidence in pituitary apoplexy is from ret-
rospective cohort comparison studies and single 
centre audits. This limits the systematic assessment 
of interventions in the management of patients with 
pituitary apoplexy (Rajasekaran et al.  2011 ).  

4.2.2     Mechanisms for Development 
of Apoplexy in Pituitary 
Adenomas 

 The blood supply to the anterior pituitary lobe is 
provided by portal vessels through the infundibu-
lum, where the perfusion pressure is known to be 
low. Pituitary adenomas seem to be susceptible to 
increments of intrasellar pressure caused by a 
tumour therefore creating a relative ischaemic 
state in the adenoma tissue (Bjerre et al.  1982 ). It 
has also been suggested that intrinsic vascular 
changes in pituitary adenomas may contribute to 
their susceptibility to infarction and haemorrhage 
(Cardoso and Peterson  1984 ).  

4.2.3     Risk Factors for 
Development of Apoplexy 
in Nonfunctioning Pituitary 
Adenomas 

 Risk factors for the development of pituitary 
apoplexy are present in 4–50 % (mean 26 %) of 
patients presenting with apoplexy (Nawar et al. 
 2008 ). The risk factors studied more systematically 
include male gender, shown to predispose in some, 
but not all studies (Möller-Goede et al.  2011 ), use 
of anticoagulants (Möller-Goede et al.  2011 ) and 
the presence of a macroadenoma as opposed to 
a pituitary microadenoma (Murad- Kejbou and 
Eggenberger  2009 ). A variety of other precipitat-
ing factors have been linked to the occurrence of 
pituitary apoplexy (Table  4.1 ) (Nawar et al.  2008 ; 
Murad-Kejbou and Eggenberger  2009 ).
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4.2.4        Clinical, Laboratory 
and Imaging Assessment 
in Nonfunctioning Pituitary 
Adenoma Apoplexy 

 Pituitary apoplexy constitutes a medical emer-
gency, and all patients presenting with symptoms 
suggestive of pituitary apoplexy need to be 
assessed urgently, regarding their pituitary hor-
mone reserve (random cortisol, thyroid function 
tests, LH, FSH, prolactin, testosterone in men/oes-
tradiol in women, IGF-1, GH), serum electrolytes, 
renal and liver function, clotting and full blood 
count (Rajasekaran et al.  2011 ). Haemodynamic 
and visual function assessment (visual acuity, 
visual fi elds, oculomotor nerves) are mandatory. 

 MRI is the radiological investigation of choice 
and has been found to confi rm the diagnosis of 
pituitary apoplexy in over 90 % of the patients. The 
appearance on different MRI sequences can be 
used to date the haemorrhage. In the fi rst 1–2 days 
post apoplexy, intra-parenchymal haemorrhage is 
hyperintense on T1-weighted images and hypoin-
tense on T2-weighted images (Tosaka et al.  2007 ; 
Semple et al.  2008 ). On days 3–15, haemorrhage 
appears bright on both T1- and T2-weighted 

images. After day 15, a fl uid level within the haem-
orrhage may be visualized (Semple et al.  2008 ). CT 
scan which is the modality commonly available in 
the acute setting is diagnostic in a lower proportion 
of patients, although it can identify macroadeno-
mas (Davis et al.  1985 ; Semple et al.  2008 ). In 
Fig.  4.1 , CT and MR imaging from our centre’s 
archive for a patient who presented with classical 
apoplexy and was found to have a NFPA is shown.

4.2.5        Management 
of Pituitary Apoplexy 

 In patients who are haemodynamically unstable, 
hydrocortisone should be administered after blood 
sampling for pituitary hormones. Hydrocortisone 
100–200 mg as an intravenous bolus is appropriate 
followed either by 2–4 mg/h by continuous intrave-
nous infusion or by 50–100 mg six hourly by intra-
muscular injection. Ideally patients should be 
managed in a Neurosurgical High Dependency Unit, 
with access to an experienced neurosurgical team and 
input from endocrinology and ophthalmology. The 
decision for conservative or surgical management 
should be taken jointly by neurosurgeons, endocri-
nologists, ophthalmologists and neuroradiologists in 
a multidisciplinary manner (Rajasekaran et al.  2011 ). 

 In one study, surgery within the fi rst 8 days of 
presentation was associated with improved visual 
acuity and visual fi eld defects, compared with sur-
gical management at later stages (Randeva et al. 
 1999 ). Surgery by an experienced neurosurgeon 
in pituitary disease is recommended as opposed to 
a non-specialist on-call neurosurgical team. 
Deterioration of the patients visual or neurologi-
cal function warrants further assessment for surgi-
cal intervention (Rajasekaran et al.  2011 ).  

4.2.6     Recurrence of Apoplectic 
and Non-apoplectic 
Nonfunctioning Pituitary 
Adenoma 

 Recurrence of NFPA following apoplexy is 
reported as 10.8 % (4/37 – a mean follow-up of 
5.5 years) (Chen et al.  2010 ), 11.1 % (all patients 

   Table 4.1    List of precipitating factors in pituitary 
apoplexy   

 Precipitating factors in pituitary apoplexy 

 Head trauma 
 Major surgery – especially coronary artery bypass 
surgery, but also aortic abdominal aneurysm surgery, 
cholecystectomy, shoulder arthroplasty and others 
 Hypotension 
 Hypertension 
 Pregnancy 
 Oestrogen therapy (oral contraceptive pill or hormone 
replacement treatment) 
 Anticoagulants (warfarin) 
 Antiplatelets (aspirin) 
 Coagulopathies (factor V Leiden mutation, idiopathic 
thrombocytopenic purpura, secondary polycythaemia) 
 Dopamine agonists (cabergoline) 
 Somatostatin analogues (octreotide) 
 Pituitary dynamic testing – with TRH, GnRH, CRH, 
insulin-induced hypoglycaemia, metyrapone test 
 Irradiation 
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had incomplete tumour removal following sur-
gery and mean follow-up 6.6 years) (Pal et al. 
 2011 ) and 12.4 % in 185 patients with subclinical 
pituitary adenoma apoplexy (37.3 % of these 
patients had a nonfunctioning adenoma – mean 
follow-up 7.4 years) (Zhang et al.  2009 ). 

 Non-apoplectic NFPAs not treated with radio-
therapy seem to relapse more often compared 
with apoplectic nonfunctioning adenomas. 
Recurrence rates that have been reported include 

32 % at a mean of 5.4 years (Turner et al.  1999 ), 
34.8 % at a mean time of 6.1 years in a series of 
155 patients with relapse in 20.4 % of cases 20 
years or longer after the initial operation (Reddy 
et al.  2011 ) and 33.5 % at median follow-up of 
4.1 years with overall recurrence rates of 24.4 
and 51.5 % at 5 and 10 years, respectively 
(O’Sullivan et al.  2009 ). The relapse rate at 5 
years was 53 % in those with a residual post- 
operative extrasellar tumour compared with 20 % 

a

c

b

  Fig. 4.1    A 53-year-old man presented to our department 
with a 2-day history of headache, nausea, vomiting and 
blurred vision. ( a ) A haemorrhagic pituitary mass was 
shown on urgent CT scanning. ( b ) A pituitary macroade-
noma with signs of recent haemorrhage was confi rmed on 

pituitary MRI (T1 sequence with no contrast,  white block 
arrow  points to the haemorrhagic area with an intense sig-
nal compared to the pituitary adenoma). ( c ) Two months 
after the acute event, there was a substantial reduction in the 
size of the macroadenoma (T1 sequence with no contrast)       
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with an intrasellar tumour (Reddy et al.  2011 ). 
The time to regrowth was shorter for those with 
an extrasellar remnant post-operatively, 3.3 ± 2.17 
years for those with a cavernous sinus remnant 
and 5.3 ± 3.1 years for those without cavernous 
involvement. There were only two recurrences 
observed in those who had no residual tumour on 
the post-operative scans, one at 5.3 years and the 
other at 25.8 years (Reddy et al.  2011 ). Whether 
a conservative versus a surgical approach in non-
functioning adenomas pituitary apoplexy alters 
the rate of recurrence is not known. 

 Nonfunctioning pituitary adenomas with 
silent ACTH staining do not seem to relapse 
more often compared with null-cell adenomas 
(Bradley et al.  2003 ; Cho et al.  2010 ; Reddy et al. 
 2011 ), although not all cohort studies have shown 
that (Cooper et al.  2010 ). However, when they do 
relapse their course tends to be more aggressive 
(Bradley et al.  2003 ; Cho et al.  2010 ).   

4.3     Ten Practical Tips for 
Nonfunctioning Pituitary 
Adenomas and Pituitary 
Apoplexy 

     1.    Patients with pituitary tumours need to be 
referred to an endocrinology team experi-
enced in managing patients with pituitary 
pathology.   

   2.    Pituitary hormone levels need to be assessed 
and replacement needs to be initiated and 
monitored as appropriate.   

   3.    Hyperprolactinaemia occurs in NFPAs and pro-
lactinomas; however, prolactin values above 
100 ug/l (or 2,000 mIU/l) almost never occur in 
clinically nonfunctioning macroadenomas.   

   4.    The decision for conservative or surgical man-
agement should be taken jointly by neurosur-
geons, endocrinologists,  ophthal mo logists and 
neuroradiologists in a multidisciplinary manner.   

   5.    Post-operatively, patients with NFPAs need 
to be assessed and managed as inpatients for 
pituitary hormone defi ciencies. We routinely 
commence oral hydrocortisone replacement 
post pituitary surgery pending 9 am serum 
cortisol assessment.   

   6.    Patients who have been diagnosed with pitu-
itary tumour should be given clear informa-
tion regarding the signs and symptoms of 
pituitary apoplexy and the precipitating fac-
tors (Rajasekaran et al.  2011 ).   

   7.    In patients with suspected pituitary apoplexy 
who are haemodynamically unstable, intra-
venous hydrocortisone should be adminis-
tered after drawing blood samples for 
baseline endocrine function tests.   

   8.    Patients with pituitary apoplexy should be 
managed in a Neurosurgical High Dependency 
Unit with access to an experienced neurosurgi-
cal team and input from endocrinology and 
ophthalmology specialists.   

   9.    Patients with pituitary apoplexy and severe 
neuro-ophthalmic signs such as severely reduced 
visual acuity, severe and persistent or deteriorat-
ing visual fi eld defects or deteriorating level of 
consciousness should be considered for surgical 
management (Rajasekaran et al.  2011 ).   

   10.    Non-apoplectic NFPAs not treated with radio-
therapy seem to relapse more often compared 
with apoplectic nonfunctioning adenomas. 
Patients need to have long-term follow-up 
with clinical assessment and imaging.         
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