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Objective:  A modified  transsphenoidal  technique  to remove  huge  pituitary  adenomas  with  marked
suprasellar  extension  (4.5–8  cm of maximum  diameter)  is  presented.
Methods:  The  technique  allowed  to avoid  the  occurrence  of  a precocious  descent  of  the  suprasellar  cister-
nal plane  into  the  sellar  plane  during  tumour  removal  and  its  related  consequences  (incomplete  tumour
removal,  occurrence  of  cerebrospinal  fluid  leak,  prolonged  time  of postoperative  stay  in hospital).  Tech-
nique  is  performed  opening  at the  beginning  only  the  lateral  parts  of  peritumoral  dura  mater,  leaving the
central  part  of the  dura  mater  in  support  of  the  central  part  of tumour  and  suprasellar  cisternal  plane.
After  removal  of  lateral  parts  of the  tumour,  the  central  part  of  peritumoral  dura  mater  is  opened  and  the
central  intra-  and  supra-sellar  parts  of  the  tumour  are  removed.
Results:  Total  removal  was  accomplished  in 64%  and  45% in  groups  two  and  one  respectively.  Intraopera-
ranial base reconstruction tive  CSF  leak  occurred  in 2.4%  and  22.5%  respectively  in  groups  two  and one.  Postoperative  CSF  fistula  did
not occur  in  group  two,  while  it occurred  in  7.4%  of  patients  of  group  one.  Average  time  of postoperative
stay  in  hospital  was  4.3 and  8.2  days  in  groups  two  and  one  respectively.
Conclusion:  The  presented  modified  transsphenoidal  microsurgical  technique  for  removal  of huge pitu-
itary  adenomas  allowed  to achieve  better  results  than  patients  operated  by standard  transsphenoidal
surgery.
. Introduction

Voluminous pituitary adenomas with marked suprasellar exten-
ion can be effectively treated by transsphenoidal surgery, except
or rare cases in which transcranial approach [1,2] should be per-
ormed.

We selected 82 patients affected by huge pituitary adenomas
sized 4.5–8 cm of max. diam.) with marked suprasellar extension
perated from 1997 to 2008. Forty-two of them were operated by
odified transsphenoidal technique, achieving better results than

he other 40 operated by standard technique, concerning tumour
emoval, occurrence of intraoperative damaging of suprasellar cis-
ernal plane, postoperative rhinoliquorrea and postoperative stay
n hospital.
Please cite this article in press as: Fraioli MF, et al. Transsphenoidal remo
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2. Materials and methods

Out of more than 1400 pituitary adenomas operated on in our
Institute (by Bernardo Fraioli, Chief of Department of Neurosurgery,
and Mario F Fraioli, Professor of Neurosurgery, University of Rome
“Tor Vergata”) from 1983 to 2008, we selected 2 groups of patients
affected by huge pituitary adenomas (sized 4–8.5 cm of max. diam.)
with marked suprasellar extension; intracavernous sinus extension
was less than 1 cm of maximum diameter in 26 patients (13 for both
groups). The first group was constituted by 40 patients operated by
standard microsurgical transnasosphenoidal technique from 1995
to 2001. Patients’ age ranged from 36 to 81 years (median 56.4
years). In the second group of 42 patients, a modified microsurgi-
cal transnasosphenoidal technique was used. Patients’ age ranged
from 32 to 79 years (median 61.3 years).

2.1. Preoperative clinical status

Preoperative clinical status is reported in Table 1. In summary,
val of huge pituitary adenomas with marked suprasellar extension:
ttp://dx.doi.org/10.1016/j.clineuro.2012.06.019

there were no significant differences between the two  groups of
patients. All of them presented panhypopituitarism and all needed
substitutive hormonal therapy which was started preoperatively
in 44 and in the immediate postoperative period in the other 38

dx.doi.org/10.1016/j.clineuro.2012.06.019
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Table  1
Clinical presentation of the 82 ptients affected by huge pituitary adenoma.

Subclinical
hypopituitarism

Clinical
hypopituitarism

Visual acuity
impairment

Visual field
impairment

Sudden unilateral
amaurosis

Sudden bilateral
amaurosis

VI nerve
palsy
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Group 1 9 31 40 

Group 2 13 29 42 

atients. In 22 patients blood hormonal levels were indicative of
anhypopituitarism but symptoms were subclinical. Three and four
atients of groups 1 and 2 respectively presented a preoperative
I nerve palsy. All patients but 4 were submitted to preoperative
culistic evaluation and all were submitted to seriated postopera-
ive oculistic control in the immediate postoperative period, after
, 6 and 12 months. All presented severe bitemporal hemianop-
ia; moreover, all patients presented visual acuity impairment; in
articular, in 2 and 1 patients respectively of group 1 and group
, sudden unilateral amaurosis occurred because of haemorrhagic
resentations of the adenoma, and they were treated by emergency
perations. For the same reason in another patient of group 2 an
cute bilateral amaurosis occurred and he was urgently operated;
n these four patients preoperative strumental oculistic evaluation

as not performed.

.2. Surgical technique

The supine position was used in all patients [3].  In 21 (9 of
roup 1 and 12 of group 2) the microsurgical approach was endo-
cope assisted. The microsurgical endonasal submucosal approach
hrough one nostril was the same for patients of both groups until
he exposition of the peritumoral dura mater. At this point, as we
bserved in 13 (32.5%) patients of group one, in these voluminous
umours, if surgical removal starts from the central part of the ade-
oma, the suprasellar cisternal plane can precociously descend into
he sella turcica, compressing portions of the tumour towards the
ateral sides of the operative field (Fig. 1A); therefore, these parts of
umour become difficult to remove, also with the aid of the endo-
cope; in this eventuality it is frequent the occurrence of damaging
he suprasellar cisternal plane (intraoperative CSF leak) and the
elated possible complications as stretch of the optic chiasm and
ostoperative rhinoliquorrhea.

The modified technique for these voluminous adenomas con-
isted in opening at the beginning only the lateral parts of
eritumoral dura mater (Fig. 1B). In this way, the central part of
he dura mater remains in support of the central part of tumour
nd suprasellar cisternal plane. After removal of lateral parts of the
umour, the central part of peritumoral dura mater is opened and
he central intra- and supra-sellar parts of the tumour are removed.

. Results

.1. Tumoral removal and intraoperative precocious empty sella

When tumours presented cavernous sinus extension, our pre-
perative purpose was to perform a gross total removal, leaving
n situ the cavernous component which was small (less than 1 cm
iam. max.) in all patients, avoiding the risks of damaging the

ntracavernous vascular and nervous structures. In group 1, we
chieved total removal in 18 patients (45%), gross total removal
postoperative remnant less than 1 cm max. diam.) in 12 (30%)
two precocious intraoperative empty sella) and 6 (15%) (six pre-
Please cite this article in press as: Fraioli MF, et al. Transsphenoidal remo
Results with modified surgical technique. Clin Neurol Neurosurg (2012), h

ocious intraoperative empty sella) patients in whom cavernous
inus was respectively infiltrated or not; partial removal (postop-
rative remnant more than 2 cm max. diam.) was accomplished in
he last 4 patients (10%) (intracavernous extension in 1 patient)
0 2 – 3
2 1 1 4

in whom precocious intraoperative empty sella occurred, avoiding
the availability of an extensive removal.

In group 2, total removal was  performed in 27 (64%) patients,
gross total removal (postoperative remnant less than 1 cm max.
diam.) in 13 (31%) and 2 (4.7%) patients in whom cavernous sinus
was respectively infiltrated or not. No precocious intraoperative
empty sella occurred in any patient of this group.

3.2. Intraoperative and postoperative CSF fistula

In group 1 intraoperative CSF leak occurred in 9 (22.5%) patients,
and meticulous reconstruction of the cranial base was  necessary.
Although accuracy of reconstruction of sellar pavement, postoper-
ative rhinoliquorrea occurred in 3 (7.5%) patients, associated with
cephalalgia because of pneumoencephalus in one of them. In one
patient postoperative CSF leak was successfully treated by lumbar
drainage mantained for 4 days; pneumoencephalus spontaneously
resolved after 5 days. In the 2 other patients, instillation into the
sphenoidal sinus of human fibrin glue under CT control was suc-
cessfully performed [4].

In group 2, intraoperative CSF leak occurred in 1 (2.4%) patient;
no postoperative rhinoliquorrea was observed.

3.3. Management of postoperative tumoral remnant and tumoral
recurrence

In group one, the 13 patients in whom adenoma presented
extension to the cavernous sinus, were submitted to stereotactic
radiotherapy; in the other 9 who  presented a tumoral remnant,
a second transsphenoidal stage (because of previous only partial
removal) followed by stereotactic hypofractionated radiotherapy
was necessary in 3 patients, while in the other 6 stereotactic
hypofractionated radiotherapy was performed. No tumoral recur-
rence was  observed during an average follow-up period of 11.2
years. In group 2, the 13 patients with invasion of cavernous sinus
were submitted to stereotactic radiotherapy without evidence of
recurrence after an average follow-up period of 5.9 years, while in
the other 2 patients only seriated MRIs (one at year) were per-
formed; there was  no evidence of recurrence after an average
follow-up period of 4.6 years.

3.4. Clinical outcome

No new neurological deficit was  observed after surgery in any
patient of both groups. In 31 and 27 patients of group 1 and 2 respec-
tively, transitory diabetes; sinsipidus was observed and treated
with desmopressin.

Out of the seven patients presenting diplopia because of VI cra-
nial nerve palsy, 5 presented complete recovery and 2 other marked
improvement.

All patients presented improvement of the preoperative deficit
of visual acuity and visual field, included the 4 patients of group
one in whom partial removal was performed.

Regarding pituitary function, all patients presented a preop-
val of huge pituitary adenomas with marked suprasellar extension:
ttp://dx.doi.org/10.1016/j.clineuro.2012.06.019

erative hypopituitarism; in one patient of group one and another
of group 2 a reduction of blood levels of cortisol occurred after
an average period of 9.5 years after surgery. In 3 and 2 patients of
groups 1 and 2 respectively, reduction of blood levels of cortisol

dx.doi.org/10.1016/j.clineuro.2012.06.019
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Fig. 1. (A) Drawing of possible precocious intraoperative empty sella during inadequate transsphenoidal removal of huge pituitary adenomas: if tumour removal starts with
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he  intra- and suprasellar central parts of the adenoma, the suprasellar cisternal plane c
ompressing parts of the tumour, which should be difficult to be removed. (B) Drawing o
lack  arrows); the central part of the tumour at the beginning is left in situ in support of 

ig. 2. Case of huge pituitary adenoma with marked suprasellar extension operated on by
ecause it was  very adherent to suprasellar structures. There was  no occurrence of CSF
perative field, remaining free space under the suprasellar remnant. (A) Preoperative T1
fter  surgery showing a small suprasellar remnant. It is noticeable a hypointensity area un
emnant. (C) Post-contrast MRI  performed 1 month after surgery; an initial descent of th
emnant itself (white arrow). (D) Post-contrast MRI  performed 2 months after surgery: an
ecompression of suprasellar structures.
val of huge pituitary adenomas with marked suprasellar extension:
ttp://dx.doi.org/10.1016/j.clineuro.2012.06.019

an precociously go down into the sella turcica or even sphenoidal sinus, laterally
f the surgical technique. The lateral parts of the tumour are initially removed (long
the cisternal plane.

 transsphenoidal approach. In this case a small suprasellar remnant was  left in situ
 leak during surgery, so that no particular material of apposition was put in the

 sagittal post-contrast MRI. (B) Postoperative post-contrast MRI  performed 5 days
der the tumoral remnant (white arrow) representing free space under the tumoral
e tumoral remnant is evident and there is yet an area of hypointensity under the

 ulterior descent into the sellar plane of the tumoral remnant is evident, with total

dx.doi.org/10.1016/j.clineuro.2012.06.019
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nd free triiodothyronine (fT3) occurred after an average follow-up
eriod of 7.3 years from radiotherapy. Patients are followed with
eriodical blood hormonal levels controls.

Postoperative stay in hospital was different between patients
f the two groups: an average period of 8.2 and 4.3 days for
atients of groups 1 and 2 respectively; the difference was  because
f the presence of intraoperative and postoperative CSF leak
hich required more time of postoperative observation. Out of

he three patients of group one who presented postoperative
hinoliquorrea, cephalalgia occurred in 1 of them because of pneu-
oencephalus which was evident at precocious postoperative
RI; patients of group 2 presented no significant postoperative

iscomfort.
Nasal packing was removed in the first postoperative day in all

atients but 9 of group 1 and 1 of group 2, in whom intraoperative
SF leak occurred: it was removed 6 days after the operation.

. Discussion

The presented modified surgical technique is indicated for huge
ituitary adenomas with marked suprasellar extension operated
n by transsphenoidal surgery. The technique allows to prevent
he occurrence of a precocious intraoperative descent of suprasellar
isternal plane and its related consequences above mentioned, and
o perform a tumour removal larger than patients operated with
tandard technique.

When intraoperative CSF leak occurs, the surgeon has to fill
he sphenoidal sinus and the sella turcica with material of appo-
ition [5,6], and this situation precludes, or however delays, the
rogressive descent into the sella turcica of the suprasellar tumoral
emnant in case of gross total removal when the suprasellar
umoral remnant is adherent to suprasellar structures. Moreover,
ntraoperative CSF leak exposes patients to the risk of a postop-
rative rhinoliquorrea and its related eventual complications [6]
cephalalgia, pneumoencephalus, subdural haematoma, meningi-
is).

On the contrary, when intraoperative CSF leaks does not occur,
n eventual tumoral remnant can descend into the sella turcica
fter few weeks (Fig. 2) because of the absence of excessive pres-
nce of material of apposition.

The technique allowed, as above explained, to achieve a tumour
emoval larger than standard technique in our patients: evaluating
ttently our results, excluding tumours infiltrating cavernous sinus
13 in both groups) in which our preoperative planning was to do
ot remove the very small intracavernous component performing

 gross total removal, total removal in the other cases was 66.6% in
roup 1 and 93.1% in group 2.

Evaluating each singular case, the tumoral remnant can be
reated by: observation by seriated MRIs, execution of a second
taged transsphenoidal approach [7],  execution of a radiotherapic
reatment [8] (hypofractioned radiotherapy or one-shot radio-
urgery in our experience). Moreover, tumour removal is larger in
atients in whom precocious empty sella did not occurred than

n patients in whom it did, as we observed in our series: 64%
nd 45% of total removal in group 2 and group one respectively,
Please cite this article in press as: Fraioli MF, et al. Transsphenoidal remo
Results with modified surgical technique. Clin Neurol Neurosurg (2012), h

ith absence of partial removal in group 2. Finally, preservation of
uprasellar cisternal plane allows to remove nasal packing in the
rst postoperative day and discharge patients after 3–5 days from
peration.
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Notwithstanding the utility of the presented technique, we
retain that hazardous tractions [9] on suprasellar remnants which
remain adherent to suprasellar structures and which do not
descend into the sellar plane during the operation, should be
avoided, because vascular or diencephalic damages could occur,
while a gross total removal in these cases (Fig. 2) assures a very
important recovery of preoperative visual deficits and allows a very
good postoperative quality of life.

Finally, regarding the trigemino-cardiac reflex which can occur
during transsphenoidal surgery or in general during skull base
surgery [10,11] due to the stimulation of a sensitive branch of the
trigeminal nerve while manipulating near the cavernous sinus, we
can say that in the presented patients, during surgery, we did not
observe so high and acute heart rate and mean arterial blood pres-
sure variations to suggest a trigemino-cardiac reflex. It is explicable
because we  are not use, after a significant experience of cavernous
sinus surgery [12], to overmanipulate the eventual para- or intra-
cavernous component of pituitary adenomas, except for particular
cases in which the main tumoral component is located into the
cavernous sinus itself.

5. Conclusions

In our experience, the presented modified transsphenoidal
microsurgical technique for removal of huge pituitary adenomas
with marked suprasellar extension, minimizes damages to the
suprasellar cisternal plane and therefore intraoperative CSF leak
is very rare; total removal can be achieved with higher percentage
rate than patients operated with standard technique; postopera-
tive stay in hospital is shorter and nasal packing can be removed in
the first postoperative day.
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